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ABSTRACT 
 
Objective: Caries risk assessment tools operate on the subject level. The aim of 
the study is to create new caries risk assessment models that functions on the tooth and 
surface level to assess the risk of caries of single teeth and surfaces. 
 Methods: Secondary data from the Dental Longitudinal Study was used to 
evaluate caries symmetry. Teeth were grouped into posterior and anterior teeth. Surfaces 
were grouped into fissured, proximal, and facial and lingual surfaces. The prediction of 
future caries on a tooth or a surface by the current caries on a bilateral or adjacent tooth 
or surface was evaluated. Additional general and oral caries risk factors on teeth and 
surfaces were adopted from the American Dental Association caries risk assessment tool. 
Caries on bilateral and/or adjacent teeth or surfaces were augmented with significant oral 
viii 
 
clinical caries predictor to build the caries risk assessment tools for teeth and surfaces. 
The models were validated by calculating sensitivities and specificities.    
 Results: 495 subjects with baseline and three year follow up data were included 
in the study. Caries prevalence and incidence was symmetrical (right and left) on the 
population level. On the individual level, caries incidence was symmetrical (right and 
left) and also tends to affect adjacent teeth or surfaces. Baseline caries on bilateral and 
adjacent teeth and surfaces was predictive of caries at follow up in all groups of teeth and 
surfaces except posterior teeth. Local oral caries risk factors like visible plaque, 
interproximal restorations, and xerostomia significantly predicted caries on single teeth 
and surfaces. Tools of caries risk assessment for anterior teeth and the three groups of 
surfaces were built. The sensitivities of these tools ranged between 67.33% to 85.51 %, 
specificities ranged between 38.40 % to 66.11%, and the overall accuracies ranged 
between 41.95% to 66.27%.  
 Conclusion: Dental caries is a symmetrical disease affecting the right and left 
sides of the mouth equally. Past caries experience is significant in predicting future 
caries. New models were built to assess caries risk for anterior teeth, fissured surfaces, 
proximal surfaces, and facial and lingual surfaces with acceptable accuracy.
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 Introduction: 
Dental caries is an infectious disease characterized by the dissolution and destruction of 
hard tooth tissues (U.S. Department of Health and Human Services, 2000). The process 
of dental caries requires four essential components. These components are 
microorganisms, food or sugars, susceptible tooth structure, and time (Usha & 
Sathyanarayanan, 2009). Dentists have been treating caries for years based on a surgical 
model focusing on restoring cavities and replacing destructed tooth structure with dental 
restorative materials. Recently, dental caries has been recognized as a disease while 
cavities are the signs and symptoms of the disease. The fact that taking away the signs 
and symptoms of the disease will not cure the disease has changed the view of dental 
caries treatment from a surgical to a medical model (Young, Kutsch, & Whitehouse, 
2009). The emphasis has shifted from filling cavities to eliminating the causes of dental 
caries. Also, caries prevalence has declined in the past decade. However, the decline was 
differential. About 60% of caries is affecting only 20% of the population implying that 
certain segments of the population would require greater dental care (Stamm et al.., 
1991). Hence, caries risk assessment concept has been developed to diagnose, assess the 
severity, treat, and control the progression of the disease (Steinberg, 2009). Identifying 
the caries risk of the patient aims at developing an individual treatment plan that will not 
only remove the symptoms of the disease but will also eliminate the predominant cause 
of the disease for every patient. Caries risk assessment also aims at improving the 
prognosis of the disease by planning a specific follow-up plan for the patient depending 
 2 
 
on his individual caries risk (Powell, 1998). Determination of the caries risk level of a 
person will influence the treatment and prognosis of the disease. Also, preventive dental 
programs should focus on groups with high caries to obtain effective results at lower 
costs. 
A perfect caries risk assessment system categorizes patients into high, moderate, and low 
risk for developing caries over a given period. However, it does not assess the risk of 
caries for teeth to identify teeth that will become decayed in the near future. For instance, 
a patient who is diagnosed to have a high risk for caries is expected to develop two or 
three carious lesions over the next 12 – 36 months. The dentist does not know the 
locations of these anticipated lesions and his role, in this case, is to attempt to prevent 
caries by providing preventive measures to all teeth. Transforming caries risk assessment 
models from assessing caries risk of the patient to determining the caries risk of the tooth 
or surface is an intriguing idea (Steinberg, 2009). The ability to determine the caries risk 
for a tooth or a surface will not only allow the dental provider to manage patients with 
dental caries, but it will also allow targeting specific preventive measures to high-risk 
teeth or surfaces to protect them more efficiently from future caries. Also, a targeted 
treatment will ultimately reduce costs of treatments, save time for the patient and dental 
provider, decrease the frequency of unneeded treatments, and increase the overall 
efficiency of dental services. Moreover, a caries risk assessment tool for teeth and 
surfaces will aid clinicians in treatment decisions. Teeth that need periodontic, 
endodontic and prosthodontic treatment with questionable prognosis present a treatment 
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decision dilemma for dental clinicians. This kind of decisions mainly relies on the 
experience of the dentist in addition to the clinical status of the tooth. Even the best 
treatment of such teeth will also carry the risk of recurrent caries and eventual loss of the 
tooth. Such situations can be frustrating for patients who may feel that they wasted their 
money and time. Having a guideline for assessing risk or a caries risk assessment tool for 
teeth and surfaces to augment the clinical decision of the clinician may be an aid in 
treatment decisions of teeth with questionable prognosis.     
Currently available caries risk assessment tools include risk factors and protective factors 
that operate on the subject level (Fontana, Young, & Wolff, 2009; Reich, Lussi, & 
Newbrun, 1999). Some of these risk factors are expected to be significant predictors for 
caries on the tooth and surface level and can be included in the risk assessment models 
for teeth and surfaces. However, it is necessary to modify these risk factors to operate on 
the tooth and surface level rather than the subject level before including it in the new 
models. Since the best predictor of future caries is past caries experience, then the most 
important risk factor that needs to be transformed from the subject to tooth and surface 
level was the previous caries experience of the subject (Hausen, 1997; Mejàre et al.., 
2014; L. Powell, 1998). Thus, an attempt to predict caries on a tooth or a surface by the 
current caries experience of a similar or corresponding tooth or surface was made. This 
assumption was evaluated by exploring the pattern of caries occurrence.  
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There are several patterns of caries occurrence reported in the literature that can be used 
to build such a model. For example, studies have found that dental caries is bilateral 
disease affecting the right and the left side of the mouth symmetrically. In other words, a 
carious tooth on one side of the mouth increases the risk of caries of the corresponding 
tooth on the bilateral side of the mouth (Boffa, Shwartz, Ash, Pliskin, & Gröndahl, 1986; 
Burnside, Pine, & Williamson, 2008; Wood, 1985). On the contrary, later studies showed 
that dental decay tends to affect adjacent teeth favoring an aggregated pattern of caries 
occurrence on one side over a symmetrical pattern (Hujoel, Lamont, DeRouen, Davis, & 
Leroux, 1994). Other studies indicated that there are groups of teeth that have the same 
risk of caries which means that if a tooth in a group was decayed then all the other teeth 
in the group will also become decayed. The claim was that there is a hierarchy of risk by 
tooth surface. Accordingly, occlusal surfaces of first molars and buccal pits of lower first 
molars have the highest susceptibility for decay followed by occlusal surfaces of second 
molars. Consequently, dental caries attack would hit the highest susceptible surfaces first 
then attack the surfaces in the next ranking in the hierarchy (Batchelor & Sheiham, 2004).  
The ADA caries risk factors will be transformed from the subject to the tooth and surface 
level. The patterns of caries symmetry, aggregation and grouping will be examined and 
combined with the tooth and surface level risk factors. The aim of the study is to build a 
caries risk assessment model for teeth and surfaces using caries occurrence patterns in 
addition to known caries risk factors.
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Background and Literature Review: 
In this section, the disease of dental caries will be examined regarding definition, causes, 
risk factors, and treatment. Then, the dental caries risk assessment concept will be 
discussed. Lastly, literature concerning the patterns of caries occurrence will be reviewed.   
Dental Caries: 
Dental caries is the most common chronic disease affecting children.; people of all ages 
are exposed to the risk of experiencing dental caries (U.S. Department of Health and 
Human Services, 2000). Untreated dental caries is the leading cause of oral pain and 
eventually tooth loss. Fortunately, caries is preventable and, at early stages, a reversible 
disease (Selwitz, Ismail, & Pitts, 2007). Dental caries is a public health problem. 
Although the disease itself may not normally elicit life-threatening consequences, dental 
caries is a widespread disease that deteriorates the oral health quality of life and is 
expensive to treat (Ismail, 2004; Sheiham, 2006). Therefore, prevention of dental caries 
should be the main focus of public health dentists to control the disease.    
Definition: 
Dental caries is a chronic, progressive, and infectious disease characterized by a localized 
dissolution and destruction of tooth structure (Carounanidy & Sathyanarayanan, 2009). 
Multiple factors affect dental caries including but not limited to dietary sugars, saliva, 
exposure to fluorides, and preventive behaviors (Selwitz et al.., 2007).  
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Pathogenesis: 
The process of dental caries requires four essential components. These components are 
microorganisms, food or sugars, susceptible tooth structure, and time (Usha & 
Sathyanarayanan, 2009). Oral flora is a common terminology that describes the bacteria 
colonizing the oral cavity. Dental plaque refers to a gelatinous biofilm that adheres to the 
tooth structure and contains bacteria, polysaccharides, proteins, and DNA secreted by the 
cells (Fejerskov, 1997). Studies have identified multiple types of bacteria as cariogenic 
i.e. causes dental caries. Cariogenic bacteria in the plaque are responsible for 
fermentation of sugars and production of acids which over time dissolve the mineral 
content of enamel and dentin (U.S. Department of Health and Human Services, 2000).  
Causes of caries: 
Dental caries is a multifactorial disease that results from a sequence of processes over a 
long time. Cariogenic bacteria harbored on tooth structure and consuming sugars for a 
period of time are considered the core mechanism of the caries process. However, other 
factors have quite an influence on this mechanism such as saliva, fluorides, oral hygiene 
habits, and demographic characteristics of the individual (Reich et al., 1999).    
Bacteria:  
Early animal studies confirmed that dental caries is a transmissible infectious disease 
(Keyes, 1960). Later, Mutans Streptococci and Lactobacilli species were identified as the 
cariogenic bacteria responsible for the process of dental caries in humans (Loesche, 
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1986a). The Mutans Streptococci (MS) and Lactobacilli (LB) are part of the normal flora 
in the oral cavity. Evidence suggests that Mutans Streptococci have a strong role in the 
initiation of dental caries while Lactobacilli are involved more in the advancement of the 
carious process (Tanzer, Livingston, & Thompson, 2001). Children acquire the 
cariogenic bacteria during the first years of life by one of two transmission routes: 
vertical and/or horizontal transmission through saliva-sharing activities. Vertical 
transmission occurs from caregiver to child. Horizontal transmission takes place through 
salivary contact with other kids in daycares or with family members (Berkowitz, 2006). 
The earlier the acquisition of the cariogenic bacteria, the more severe caries will develop 
(Alaluusua & Renkonen, 1983; Caufield, Cutter, & Dasanayake, 1993). These cariogenic 
bacteria ferment carbohydrates and produce acids as a by-product which also enhances 
their predominance in the dental plaque (Dashper & Reynolds, 2000; Geddes, 1975). 
They coexist with thousands of other types of bacteria in an ecosystem. Certain factors 
disturb this ecosystem and favor the growth of MS and LB over other types of bacteria 
which in turn makes them more acidogenic (produce acids) and aciduric (survive in an 
acidic environment). These acids are responsible for dissolving structure which offers 
more space for these bacteria to grow and multiply (Dashper & Reynolds, 2000).  
Carbohydrates: 
Studies have described dental caries as “dietary carbohydrate modified bacterial 
infectious disease” (Van Houte, 1994). The frequent consumption of dietary sugars was 
associated with an increase in levels of Mutans Streptococci and Lactobacilli; both of 
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which are recognized to be cariogenic bacteria (Tanzer et al.., 2001). The research 
concerning the association of dietary sugars and dental caries can be divided based on the 
widespread of fluorides into pre-fluoride and post-fluoride time periods.    
In the pre-fluoride times, the relation between fermentable carbohydrates or sugars and 
the development of dental caries was well established by numerous types of studies 
(Moynihan & Petersen, 2004). An ecological study conducted before the vast availability 
of fluorides found positive correlations between sugar supplies and caries experience of 6 
years old children in 23 countries as well as caries experience in 12 years old in 47 
countries (Sreebny, 1982). Diminished supplies of sugars during World War II were 
accompanied by drops in the levels of dental caries (Marthaler, 1967; Sognnaes, 1948). 
The Vipeholm study is a classical and controversial study that linked sugar consumption 
to dental caries. A mental institute conducted the clinical trial where subjects were fed 
with refined sugars of different stickiness at various times of the day. The patients were 
tracked for four years, and the results showed an increased caries attack in those who had 
sticky sugars between meals more frequently (Gustafsson et al.., 1954). Another classical 
study was the Turku study which compared the caries rates between three groups. The 
first group had a diet rich in sucrose while the sucrose in the diets of the second and third 
groups was substituted with fructose and xylitol respectively. Dental caries rates after 25 
months were much higher in the sucrose and fructose groups compared to the xylitol 
group (Scheinin, Mäkinen, & Ylitalo, 1976).  A three-year follow-up study in Michigan, 
which included 499 children from a non-fluoridated community, found a relationship 
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between proximal caries and the average amount of sugar consumption in addition to 
frequent ingestion of sugars between meals (Burt et al. 1988). A review of the studies 
concerning dental caries and sugars revealed a correlation between increased sugar 
consumption and increased caries prevalence.  
In the post-fluoride times, it was found that the widespread of fluorides may have 
affected this relationship by lowering the effects of sugars on dental caries (Marthaler, 
1990). A more recent systematic review concluded that the association between dietary 
sugars and the development of dental caries is getting weaker these days because of the 
widespread use of fluorides. However, reducing the consumption of dietary sugars is still 
a major preventive factor to control dental caries (Burt & Pai, 2001a). In addition, 
frequent sugar consumption combined with poor oral hygiene practices and inadequate 
fluoride exposure are serious indicators of increased risk of dental caries on the 
population level (Zero, 2004).  
Tooth Surface: 
Teeth consist of two main anatomical parts: the crown which is the visible part in the 
mouth and the root which is the part embedded inside the bones of the jaws. 
Histologically, teeth consist of four structures: pulp, dentin, enamel, and cementum. The 
pulp is the central and vital part of the tooth, and it contains blood vessels, nerves, and 
connective tissue. Dentin is a hard tissue that surrounds the pulp and comprises the bulk 
of the tooth. Enamel is a thin, brittle, hard tissue that covers the coronal dentin and is 
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considered the hardest tissue in the human body. Cementum is also a hard tissue that 
covers the root dentin (Clement, 2010).  
Crowns of posterior teeth have five surfaces, and each surface has a different liability to 
harbor plaque and different susceptibilities to caries. Facial and lingual surfaces are 
smooth surfaces that are most susceptible to plaque formation, but they are usually 
affected by caries only in cases of xerostomia or nursing caries. The occlusal or chewing 
surfaces are characterized by the presence of pits and fissures. Although plaque formation 
on occlusal surfaces is relatively less in quantities compared to smooth surfaces, occlusal 
surfaces are the most susceptible surfaces for caries. Interproximal surfaces are smooth 
surfaces that are prone to plaque formation and dental caries (Loesche, 1986b).   
 
Risk factors for dental caries 
Saliva: 
Three major salivary glands namely the parotid, submandibular, and sublingual secrete 
the salivary fluids; in addition to numerous minor salivary glands scattered all over the 
oral cavity mucosa (Dodds, Johnson, & Yeh, 2005). Organic, as well as inorganic 
components, constitute the saliva. The inorganic components consist of electrolytes such 
as sodium, chloride, calcium, and phosphate. The organic components include mainly 
proline-rich proteins and amylase in addition to minor constituents like lysozymes, 
lactoferrin, peroxidase, and secretory IgA (Dodds et al.., 2005). Saliva forms a thin layer 
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on teeth called the enamel pellicle which protects the loss of hard tissue structures 
through attrition, abrasion, and erosion (Dawes, 2008).  The most important protective 
feature of saliva against dental caries is the “salivary clearance” or its ability to clear 
debris from the oral cavity (Lenander-Lumikari & Loimaranta, 2000). Also, saliva 
contains calcium phosphates which precipitate on demineralized tooth structure to 
remineralize it. Moreover, fluoride is also present in saliva where it diffuses to dental 
plaque and plays a major role in remineralizing carious lesions (Tenovuo, 1997). A 
reduction in the salivary flow leads to severe dental caries (Daniels et al.., 1975; Scully, 
1986). The carious lesions affect the smooth surfaces which are not usually susceptible to 
caries (Spak, Johnson, & Ekstrand, 1994). Dry mouth is fairly a common disease ranging 
in prevalence between 14-46 % of the population that affects females more often than 
males. Evidence from multiple studies points to the direction of a decreased salivary flow 
with increasing age (Sreebny, 2000). Another feature of saliva that is significant for the 
process of dental caries is its buffering capacity. Three mechanisms can describe how 
saliva influence the pH of the oral cavity. They are the bicarbonate, the phosphate, and 
the protein buffer systems. It appears that the mechanism that contributes most to the 
buffering is the bicarbonate while the two other mechanisms are considered adjunctive 
(Bardow, Moe, Nyvad, & Nauntofte, 2000). A decrease in the buffering capacity is 
associated with an increase in dental caries (Ericsson, 1959). As expected, a combination 
of low salivary flow and impaired salivary buffering capacity result in a compromised 
defense against bacteria (Lagerlöf & Oliveby, 1994). On the other hand, an increased or 
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stimulated salivary flow was found effective in lowering the incidence of dental caries 
(Stookey, 2008).Fluoride treatments were found effective in decreasing the caries 
incidence in patients with lowered salivary secretions (Spak et al.., 1994).   
Xerostomia is the sensation of dryness in the mouth due to reduced salivary secretions. 
Salivary gland dysfunction is the objective measure of salivary flow. Dry mouth has 
multiple causes which include medications, radiation therapy, Sjogren syndrome, aging, 
dehydration, blood loss, diarrhea, renal disease, and many other reasons (Sreebny, 2000).  
Fluoride: 
Fluoride is a natural substance that is found in soil and almost all water supplies around 
the world (Standing Committee on the Scientific Evaluation of Dietary Reference 
Intakes, Food and Nutrition Board, Institute of Medicine, 1997). Fluoride prevents 
development of caries, arrests or slows down existing decay, and remineralizes diseased 
enamel. Fluoride acts in two mechanisms: systemic and topical effects. The systemic 
effect occurs during the tooth formation period where daily ingestion of low doses of 
fluoride leads to formation of enamel and dentin with higher content of fluoride. The 
topical effect which is the predominant mechanism acts even when there are trace 
amounts of fluoride in the oral cavity such as 0.02 ppm (Tenuta & Cury, 2010). The exact 
mechanism of fluoride topical action is through interfering with the demineralizing 
process and enhancement of remineralization process. It is the imbalance between 
demineralization and remineralization processes that leads to dental decay. During times 
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of lowered pH due to acid production by bacteria exposed to sugars, fluoride decreases 
the process of demineralization by enhancing the reprecipitation of minerals to the tooth 
structure by creating a saturated environment with respect to the fluorapatite (Cury & 
Tenuta, 2008a).  In the process of remineralization, fluorides increases the efficiency of 
re-uptake of minerals by tooth structure (Dijkman, Huizinga, Ruben, & Arends, 1990). 
Fluoride also prevents dental caries by impeding bacterial glycolysis, dropping the 
production of extra-cellular polysaccharides, and inhibiting bacterial acid production. At 
high concentration, fluoride is considered bactericidal (Clarkson & McLoughlin, 2000; 
Hamilton, 1990). 
There are multiple methods for fluoride delivery to the oral environment. Community 
water fluoridation and fluoridated toothpaste are considered the two most effective 
methods of fluoride delivery that effectively reduce caries (Brunelle & Carlos, 1990). 
Other methods include fluoride mouthwashes, fluoride tablets, fluoride varnish, and 
professional application of topical fluorides in the dental office. Providing fluoride 
repeatedly and through multiple delivery systems to ensure a continuous exposure to low 
concentrations of fluorides in the oral cavity maximizes its effect (Clarkson & 
McLoughlin, 2000; Tenuta & Cury, 2010). 
Oral hygiene 
The basic goal of all oral hygiene measures is to remove or inhibit the formation of 
plaque on oral tissues. Plaque forms continuously on teeth and is detectable on teeth 
surfaces within 24 hours of no brushing (Löe, Theilade, & Jensen, 1965). Failure to 
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remove plaque can lead it to reach its maximum thickness on teeth within one week (Löe, 
Von Der Fehr, & Schiött, 1972). Mastication and chewing of coarse and fibrous food 
play a role in removing dental plaque. However, the effects are limited. Thus, regular 
tooth brushing is the most efficient and convenient way of plaque removal (Löe, 2000). 
Using soft-bristled manual or electric toothbrushes with fluoridated toothpaste twice a 
day is recommended (Brothwell, Jutai, & Hawkins, 1998). However, a study has shown 
that a one-time tooth brushing every two days is sufficient to maintain gingival health 
(Lang, Cumming, & Löe, 1973). Tooth brushing is effective in removing dental plaque 
but it depends on the type of bristles in the toothbrush and the duration of brushing (Slot, 
Wiggelinkhuizen, Rosema, & Van der Weijden, 2012). Unfortunately, toothbrushes clean 
the facial, lingual, and occlusal surfaces of teeth but not the interproximal areas. 
Therefore, dental flossing is recommended to clean plaque from these regions which are 
susceptible to dental caries and periodontal disease (Löe, 2000). Also, supplemental 
methods of oral hygiene are available to individuals who are not able to maintain a 
satisfactory oral hygiene by brushing and flossing alone (Löe, 2000). Among these 
methods is the use of chlorhexidine mouth rinses which was found effective in reducing 
dental plaque accumulations in the mouth leading to a beneficial effect on the gingival 
and periodontal tissues. The combination of chlorhexidine with other oral hygiene 
measures was found significantly effective in lowering plaque accumulation and 
improving gingival health in a recent meta-analysis (Van Strydonck, Slot, Van der 
Velden, & Van der Weijden, 2012). However, the effect of chlorhexidine in reducing 
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numbers of Mutans Streptococci and preventing dental decay is still not well established 
(Varoni, Tarce, Lodi, & Carrassi, 2012).  
Past decay 
The relationship between past caries experience and future caries risk is well established. 
Caries in the primary teeth of toddlers is an indicator for the development of carious 
lesions in primary teeth of preschool children (Grindefjord, Dahllöf, & Modéer, 1995; 
Pienihakkinen, Jokela, & Alanen, 2004; Wendt, Hallonsten, & Koch, 1999). Also, 
carious lesions in the primary teeth of preschool children are predictors of carious lesion 
in the permanent teeth (Helfenstein, Steiner, & Marthaler, 1991; Mejare, Stenlund, 
Julihn, Larsson, & Permert, 2001; Vanobbergen, Martens, Lesaffre, Bogaerts, & 
Declerck, 2001). Among adults, past decay also forecasts future caries. In a three-year 
study of coronal and root caries among older adults, root caries was a significant 
predictor of coronal cries whereas coronal caries was a predictor of root caries (Powell, 
Leroux, Persson, & Kiyak, 1998).     
Multiple attempts were made to find an accurate prediction model for dental caries. No 
single predictor or model was considered sufficient to serve that role. However, previous 
decay is regarded as one of the strongest predictors of future caries (Disney et al.., 1992; 
Powell, 1998).  
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Demographics: 
Dental caries was frequently described as a childhood disease. High levels of disease 
among children and the early onset of decay in the newly erupted teeth was the reason for 
that theory. However, this concept has changed because adults and older adults continue 
to develop new carious lesions throughout their life span (Brian A. Burt & Eklund, 2005; 
Drake, Hunt, Beck, & Koch, 1994). Males and females have different experiences of 
dental caries. The third National Health and Nutrition Examination Survey (NHANES 
III) showed that males had a higher mean number of untreated coronal caries, but a lower 
mean number of decayed, missing, and filled surfaces than females (Winn et al., 1996). 
Race and ethnicity appear to impact oral health but the relationship is complicated. 
According to NHANES III, Non-Hispanic Blacks and Mexican-Americans had higher 
mean number of teeth with untreated caries and less mean number of teeth with filled 
surfaces than Non-Hispanic Whites (Winn et al., 1996).       
Social and economic factors 
Multiple studies confirmed the relationship between dental caries and low socioeconomic 
status (Locker, 2000). Children from poor immigrant families with low educational level 
accrue higher increments of dental caries (Hjern, Grindefjord, Sundberg, & Rosén, 2001; 
Wendt, Hallonsten, Koch, & Birkhed, 1994). In the United States, higher caries rates and 
less restorative care were observed in black children of low socioeconomic status 
compared to their peers from higher socioeconomic status (Graves et al.., 1986). 
Education level of the caregiver as an indicator of social class was inversely associated 
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with an increase in dental caries (Faggiano, Stanislao, Lemma, & Renga, 1999). 
Moreover, children from higher socioeconomic status are getting more benefits from 
dental preventive measures than children from lower socioeconomic status (Truin et al.., 
1998). Although past caries experience is considered the strongest predictor of caries, 
social status was still regarded as a indicator of caries even after controlling for previous 
caries experience (Reisine & Psoter, 2001). Complex multivariable measures of 
socioeconomic status or deprivation have been used to assess comprehensively the 
socioeconomic situation of individuals and the relationship with dental caries (Sweeney, 
Nugent, & Pitts, 1999). The relationship between dental caries and socioeconomic status 
is complicated. For example, socioeconomic status impacts the possession or lack of 
dental insurance which in turn is critical to decrease the financial barriers to access and 
acquire dental care (Manski & Magder, 1998). The lack of dental insurance has been 
linked to higher probability of dental caries (Crall et al.., 1990).  
Balance between remineralization and demineralization:  
Most infectious diseases manifest shortly after acquisition of the microorganism by the 
patient. In the case of dental caries, the process is not that simple. Primary acquisition of 
the cariogenic bacteria occurs early in life (Berkowitz, 2006). The bacteria then become a 
part of the normal flora of the mouth and in balance with other types of microflora. 
Dental caries takes place when this balance is disturbed. The imbalance comes from 
either increase of pathologic factors or a decrease in preventive factors. This imbalance 
affects the tooth-biofilm mineral interchange system shifting it to the demineralization at 
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expense of the remineralization (Steinberg, 2009). Bacteria in the biofilm consume sugars 
to produce acids and creates an undersaturated mineral environment that facilitates the 
dissolution of minerals from tooth structure leading to the process of demineralization. 
This is when dental caries activity increases and the disease manifests as carious lesions. 
After a certain limit of time, the dropped pH due to acids recovers to normal levels 
promoting a re-uptake of minerals by tooth structure in the process of remineralization 
(Cury & Tenuta, 2008b; Dawes, 2003).  
Treatment of Caries 
Surgical and medical models of caries treatment: 
In the late nineteenth and early twentieth centuries, G.V. Black who is called the father of 
dentistry set the basic principles of caries treatment. He was the first to establish 
guidelines of cavity preparation. His guidelines for cavity preparations remained the 
norm for dental treatment for many decades. However, causes of dental caries were not 
known at that time. Later, when dental caries was discovered to be a an infectious disease 
caused by bacteria, the view has changed for this treatment approach which depended 
mainly on surgical removal of diseased and susceptible tooth structure and replacing it 
with dental restorations (Fontana et al., 2009).  
The diagnosis of caries by dentists is not comparable to diagnosis of diseases by 
physicians. Physicians diagnose disease by assessing signs and symptoms to identify 
disease presence, nature, severity, and prognosis. By combining all the available 
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information and weighing it against possible outcomes, the physician reaches a proper 
treatment plan. Dentists, however, do not follow that process in their diagnosis of caries. 
Dentists do not differentiate between caries as a disease and caries as a lesion (Steinberg, 
2009). They diagnose dental caries when they see it on a tooth and start treating it right 
away. Moreover, as the dentist gains more experience, he begins to develop patterns of 
recognition of the disease and treatment. He starts to see a lesion and what comes in his 
mind is that this lesion needs amalgam, composite, or a crown. He does not undergo the 
process of diagnosis at all and he jumps to the treatment right away (Bader & Shugars, 
2006).  
Filling cavities is recognized as a method of relieving symptoms of the disease of dental 
caries and is no longer accepted as a definitive treatment of caries. The terminology of a 
paradigm shift in the treatment of caries was used in the NIH consensus as an indication 
of a new era in the treatment of caries. The consensus indicated the need for a complete 
understanding of causes, risk factors, and indicators of caries and assessing patients’ 
caries activity and risk to reach proper management and treatment of dental caries with 
emphasis on the prevention of new carious lesions (National Institutes of Health 
Consensus Development Panel, 2001).  
Dental caries is a preventable disease. Hence, restoration of cavitated lesion is not enough 
to treat the disease. A complete medical diagnosis of the disease should be carried out for 
proper management of the disease. The medical model of caries diagnosis encompasses 
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detection of symptoms of the disease; determining the activity of the disease; and 
assessing the risk for future disease (Reich et al.., 1999) . 
Caries Epidemiology: 
Dental caries was once a disease affecting almost everybody in the population. Since the 
widespread use of fluorides (CWF, fluoridated toothpaste, professionally applied 
fluorides) in the 1970s and 1980s, dental caries has declined, and people are retaining 
more and more of their teeth (Marthaler, 2004). In fact, several reports from Europe are 
revealing a decrease in caries since the 1970s to 1990s. After that, a slight increase in 
dental caries prevalence was seen which is worrisome (Haugejorden & Birkeland, 2002; 
Hugoson, Koch, Helkimo, & Lundin, 2008). Nevertheless, the Surgeon General’s report 
in 2000 “Oral Health in America: A Report of the Surgeon General” identified dental 
caries as the single most common chronic disease affecting children, five times more 
prevalent than asthma.  
The decline in caries was differential. Certain segments of the community still bear the 
highest burden of disease, while other advantageous segments have less or no disease. 
The National Preventive Dentistry Demonstration Program was conducted in 1977 to 
evaluate the effectiveness and costs of preventive dental procedures applied on the 
population level. The study extended over a period of 4 years and included five 
fluoridated and five non-fluoridated cities in the US. Five different combinations of 
preventive measures were allocated to school children in the ten cities. The preventive 
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measures were sealants, brushing and flossing, topical fluorides, fluoride tablets, and 
dental health education. The control group received no intervention. The results of the 
study indicated that only sealants were effective in preventing tooth decay in school 
children. The study also confirmed the benefits of communal water fluoridation. 
Interestingly, the researchers observed disparities in the baseline prevalence of dental 
caries among the study participants. They noticed that about half of the children were 
caries free. Also, about 60% of the caries was affecting 20% of the children and about 5% 
having the greatest burden of disease. The study could not demonstrate strong evidence to 
advocate for the use of school-based preventive programs as an efficient and cost-
effective measure to prevent caries in school children; however, the study shed light on a 
new direction in the research concerning prevention of dental caries on the population. 
Researchers observed slightly more benefits from preventive treatments among children 
who had greater caries at baseline compared to those who had fewer carious lesions. It 
seemed that targeting preventive efforts to those who needs it most would be a more 
efficient and cheaper strategy to prevent caries (Bell et al.., 1984). The question was how 
to identify the individuals who have a higher risk for dental caries.  
Caries Risk Assessment 
The prediction of future carious lesions is crucial and affects dentists’ treatment decision 
as well as the clinical judgment of prognosis and follow-up visits. Caries risk assessment 
is a cornerstone for the prevention of dental caries aiming at eradicating causative factors 
(cariogenic bacteria, diet, salivary status, plaque accumulation) and heightening 
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protective factors (fluoride exposure, oral hygiene) (Fontana & Zero, 2006). There are 
multiple caries risk assessment tools for children, adults, or elderly population. However, 
assessing the risk of dental caries is very complex due to the multifactorial etiology and 
complicated nature of the disease. Also, caries risk assessment models assume that the 
included predictors are in a constant state which is not the case (Eriksen & Dimitrov, 
2003).   
In the 1986 North Carolina study of caries risk assessment, one of the first attempts to 
assess the caries risk, researchers followed two large cohorts in Aiken, South Carolina 
and Portland, Maine. The study examined first and fifth-grade children to determine the 
predictors of caries risk. After three years of follow-up, the researchers built a prediction 
model composed of clinical, socio-demographic, and microbiological variables. The 
resultant model nearly achieved the preset goal of specificity of 0.85, but it was less 
successful in meeting the desired sensitivity of 0.75. The study also highlighted that 
clinical predictors were more important than socio-demographic and microbiological 
predictors in assessing the caries risk (Disney et al.., 1992).  
Multiple tools have been developed for caries risk assessment over the past years. Some 
of these tools are widely accepted by reputable dental organizations and have standard 
formats. These standard methods are known tools for Caries Risk Assessment (CRA). 
There are four recognized CRA systems, and they are Cariogram, which was developed 
by a Swedish scientific group (Bratthall & Hänsel Petersson, 2005); CAMBRA, which 
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was designed by the California Dental Association (Featherstone, Domejean-Orliaguet, 
Jenson, Wolff, & Young, 2007); ADA, which was constructed by the American Dental 
Association (ADA American Dental Association, 2009); and AAPD, developed by the 
American Association of Pediatric Dentistry (AAPD American Academy of Pediatric 
Dentistry, 2014). Each one of these tools has some indicators that are supposed to predict 
caries risk category of the individual patient. Every CRA system uses a unique set of 
indicators, but different systems could use an indicator. The reason for having multiple 
CRA systems is that no one tool provided satisfactory evidence of being universally 
superior to the other instruments among different age groups.  
An attempt was made by Tellez et al. (2012) to find the best CRA tool in terms of 
predicting future new caries. The authors conducted a systematic review of studies that 
validated the use of any of these four CRA tools. The search for studies yielded numerous 
studies about CRA. Only a few studies validated at least one of these four tools but not all 
of them were longitudinal. The authors identified five prospective studies that validated 
the ability of the Cariogram to predict caries. Only one study was identified that validated 
the use of CAMBRA and it was a retrospective study. The authors stated that “no other 
published longitudinal studies were identified that would report data on the caries 
prediction capability of the guidelines proposed by the ADA or the AAPD”. The 
conclusion of the review was that there is limited evidence concerning the validity of the 
various CRA tools (Tellez, Gomez, Pretty, Ellwood, & Ismail, 2012).  
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Caries Occurrence Patterns 
Symmetry of caries prevalence on the population level: 
Caries bilateral symmetry was investigated in the past as a way of reducing costs of 
dental caries surveys. Symmetry or bilateralism of dental caries would mean that 
measuring caries for one side of the mouth is enough to yield a quantitative estimate of 
decay for the individual. Consequently, dental public health programs or surveys will 
need less money, resources, and time. Early studies found that caries is a symmetrical 
disease in which it affects the right and the left side of the oral cavity equally. Caries 
symmetry was proven in the study by Hadjimarkos et al. (1950) that assessed the bilateral 
occurrence of caries attack. The 540 subjects in the study sample included 17-19 years 
old college students. The study used bitewing radiographs to diagnose caries.  The study 
evaluated the validity of using DMF calculated for one-half of the mouth to estimate the 
DMF of the mouth. The results showed that DMF of the right side of the mouth is 
approximately half the DMF of the oral cavity. Decayed, missed, and filled components 
of the DMF on the right aspect of the mouth were also nearly half the D, M, and F 
components of all teeth. The conclusion was that measuring DMF on a side can be a 
simpler and accurate way of calculating the DMF of large populations (Hadjimarkos & 
Storvick, 1950). Barr (1949) published similar results when he sampled 514 subjects 
ranging in age between 5-30 years old to examine the symmetry of caries on proximal 
surfaces. The study included 20816 proximal surfaces in which 9018 surfaces were 
determined to be carious using clinical and radiographic examination. When plotting the 
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caries rates of the sample for each tooth, it was noted that caries patterns on the left and 
right side for the maxillary and mandibular teeth were nearly identical. Bilateral 
symmetry in posterior mandibular region ranged between 53.6% - 98.3%; in the posterior 
maxillary region between 43.7% - 86.3%; and in the anterior maxillary region between 
22.5% - 65.0% (Barr, 1949). Potoczek et al. found similar results in 1968 when they 
sampled 1386 schoolchildren ranging in age between 14 – 18 years. Results of studying 
dental caries on the population showed bilateral symmetry (Potoczek, Bartkowiak, 
Semczuk, & Brachmanska, 1969). Similarly, De Jong et al. (1971) demonstrated bilateral 
symmetry of caries when they studied the symmetry of dental restorations as a tool for 
evaluating dental programs in 1971. They assumed that caries is symmetrical, and dental 
restorations should follow that symmetry. The study included 535 subjects from the 
Teamaster Insurance Prepaid Program. The subjects were 8 – 16 years of age. The results 
showed bilateral symmetry of dental restoration in anterior as well as posterior teeth. The 
authors suggested that individual dentists may have preferences regarding which quadrant 
to treat completely. However, these preferences tend to cancel out when multiple 
operators are taken into consideration (DeJong & Dunning, 1971). Similarly, a study of 
dental caries among schoolchildren was done in England in 1972. The study examined 
two groups of girls aged 11-13 years at the start of the study and recorded caries 
prevalence and incidence over a period of 3 years. DMFT ranged from 6 – 7.5 for 11/12 
years of age to 22.75 – 26.21 for 14/15 years of age. The study concluded that caries 
attack is symmetrical at all ages. However, the term “caries attack” used in the conclusion 
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of the study seemed to fit the definition of the caries prevalence rather than caries 
incidence. Also, the study highlighted great variations in caries susceptibility for different 
teeth with the first permanent molar being the most susceptible tooth to caries attack 
followed by the second permanent molar (Berman & Slack, 1972). 
Wood (1985) conducted an interesting study that showed contradictory results. The 
researchers conducted a retrospective record review to investigate the symmetry of caries 
attack among 510 primary schoolchildren in Queensland, Australia. The researcher 
hypothesized that community water fluoridation which was common at that time may 
affect the already accepted concept of caries symmetry. The sample included only pairs 
of maxillary and mandibular first molars with at least one tooth in the pair with caries 
history. The study excluded pairs which were not affected by caries. In addition, teeth 
treated outside the school dental services were excluded from the analysis. Children 
received topical fluoride applications at each visit to the school’s dental clinic. The mean 
age of children at initial examination was between 8.05 and 8.475 years. At the final 
examination, the age ranged between 12.18 and 12.35 years. Results showed that 44.4% 
of maxillary pairs and 32.6% of mandibular pairs were affected by caries unilaterally. 
Based on that, the authors concluded that caries was asymmetrical. Children with 
bilateral caries were diagnosed with caries at about one year earlier than those with 
unilateral caries. The results of the previous study are considered questionable for two 
reasons. First, although the percentages of unilateral lesions were less than half, the 
researchers concluded that caries is unilateral disease. Second, caries-free pairs of teeth 
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represent a form of symmetry of caries, but they were excluded from the analysis (Wood, 
1985).      
Thus, the symmetry of caries was demonstrated in multiple early cross-sectional studies 
measuring percentages of caries by tooth location. The results showed that caries 
proportions for each tooth on one side of the mouth are nearly equal to caries proportions 
of the contralateral tooth. As discussed, one should conclude that caries is symmetrical at 
the population level. However, most of these studies sampled subjects with high caries 
risk in times of unknown availability of community water fluoridation.   
Symmetry of caries prevalence on the individual level: 
Nevertheless, the hypothesis of caries symmetry should not be utilized by clinicians in 
their everyday practice. A clinician may decide that a suspicious lesion on a certain tooth 
is decay, relying on the contralateral tooth being affected by dental caries. The 
misinterpretation arises from the fact that caries distribution in the population is 
symmetrical whereas the same concept may not hold true when it comes to individuals. 
This misconception mandated the study of bilateralism of dental caries on the individual 
level.  
Early studies have shown that the prevalence of dental caries on the individual level is 
not symmetrical. A cross-sectional study which examined bitewing radiographs of 
posterior proximal surfaces of 300 subjects and looked at percentages of pairs of teeth 
affected by caries bilaterally showed that caries was symmetrical on the individual level 
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because three-fourths of surfaces were affected by caries bilaterally (Scott, 1944). In the 
previously discussed study by Barr et.al, however, although the bilateral symmetry was 
evident on the population level, results showed the opposite on the individual level. Only 
5 cases out of 514 subjects showed complete bilateral symmetry and 2 of these cases 
were caries free (Barr, 1949). Similarly, the researchers in the previously discussed study 
by Potoczeck et.al concluded that dental caries on the individual level occurred randomly 
and independently of dental caries on the contralateral tooth (Potoczek et al.., 1969).  
On the contrary, later studies claimed a dependence of the status of a tooth on the carious 
status of the contralateral tooth. For example, Boffa et al. examined the risk of caries on a 
tooth given the bilateral tooth is carious. The results showed an increased risk of caries on 
the tooth whenever the contralateral tooth was carious. The conclusion was that caries is 
symmetrical (Boffa et al.., 1986).  This concept was investigated more deeply in the study 
by Hujoel et al. (1994) that could be considered a landmark study in this area because of 
the huge sample size and the analytical methods used. The researchers tested the 
hypothesis of caries symmetry assuming that caries occurrence falls into one of three 
patterns: random pattern where each tooth would have an equal probability of caries 
attack; regular pattern where teeth on one side of the mouth would have equal 
susceptibility for caries to teeth on the other side; aggregated pattern where caries is more 
on one side of the oral cavity than the contralateral side. The study included 12,776 
employed adults from the National Survey of Oral health in the US. For pattern detection, 
subjects who had at least two carious teeth were included. Pairs of teeth were analyzed 
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for determination of concordance or discordance. The study evaluated three probabilities 
of caries occurrence. If a person had two carious lesions; are they going to affect random 
teeth on the right and left; are both lesions going to occur on one side more often; or are 
they going to occur on similar teeth on the right and left sides. Statistical analysis of the 
data favored the aggregated pattern over the two other patterns indicating that caries 
tends to occur on neighboring teeth more often than occurring on bilateral teeth (Hujoel 
et al.., 1994).  
Vanobbergen et al. (2006) confirmed Hujoel et al. (1994) results when he used the same 
analytical methods on a younger population. Vanobbergen et al. (2006) published the 
results of a cross-sectional study that evaluated the caries patterns in the primary 
dentition. The study examined1291 three years old, 1315 five years old, and 4468 seven 
years old children. The results showed that caries prevalence on the individual level was 
not symmetrical. However, the hypothesis of symmetry of caries prevalence on the 
population level could not be rejected (Vanobbergen et al.., 2006).  
Ten years after the study of Hujoel et al. (1994), a study was conducted by Batchelor et 
al. (2004) to investigate the concept of caries symmetry through the application of a new 
perspective of grouping surfaces of teeth according to its susceptibility to caries. They 
found that occlusal surfaces of first molars and buccal pits of lower first molars were the 
most susceptible surfaces to caries. Lower anterior teeth and canines comprised the least 
sensitive surfaces for caries. The conclusion was that there is a hierarchy of caries 
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susceptibility by groups of tooth surfaces. Needless to say, the implication of this study 
suggests that caries attacks groups of surfaces bilaterally rather than pairs of right and left 
individual teeth (Batchelor & Sheiham, 2004). Also, a study from Saudi Arabia was 
conducted to evaluate the caries patterns in the dentition of 673 children aged 12-13 years 
and 734 adolescents aged 15-19 years. The subjects underwent an oral examination in 
this cross-sectional study. The results showed no statistical difference between the right 
and left prevalence of caries. Conditional probability analysis demonstrated that the 
presence of caries on a tooth increases the likelihood of caries on the bilateral tooth 
(Wyne, 2004).   
Thus, different studies showed conflicting results about the bilateral symmetry of 
prevalence of dental caries on the individual level. Notably, few of the aforementioned 
studies were longitudinal and the longest follow-up time was four years.   
Symmetry of caries incidence on the individual level:  
It would be more interesting to know whether caries incidence is symmetrical or not. In 
other words, does the disease of caries infect bilateral teeth in the same time or is there a 
time lag between the infection of a tooth and the infection of its bilateral pair. This 
concept can be used for prediction of future carious lesions. A study done to group 
surfaces with similar risks for developing dental caries was carried out. A survival 
analysis was used to estimate the time until a surface gets carious. Then, the survival 
times were used to group surfaces using a cluster analysis. The results constituted 13 
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groups of surfaces. Eighty percent of surfaces were included bilaterally in the groups 
indicating symmetry of risk for caries (Hannigan, O’Mullane, Barry, Schäfer, & Roberts, 
2000). A recent longitudinal study tackled the issue in a 3 years follow-up study to record 
the incidence of caries. The sample consisted of 987 subjects from a fluoride varnish 
clinical trial which did not find significant differences in caries between test and control 
groups. They were 12 – 14 years old children. Multilevel modeling was used as a 
statistical approach to predict the incidence of caries on caries free surfaces at baseline. 
The conclusion was caries significantly affected the occurrence of caries on the 
contralateral and opposing side of the oral cavity. In other words, caries incidence is 
symmetrical (Burnside et al.., 2008). The fact that subjects in this study had a high risk 
for caries questions the generalizability of the results of this study.  Also, the validity 
could also be called into question due to the relatively short period of follow-up.  
It would also be useful to estimate the time difference between caries appearance on a 
tooth and caries attack on the contralateral tooth. In the previously discussed 
retrospective study by Wood (1985), although the authors concluded that caries is 
asymmetrical, it was reported that in pairs of first permanent molars affected by caries 
bilaterally, the mean time between a carious lesion and its contralateral was 0.93±0.81 
years for maxillary teeth and 1.03±0.94 for mandibular teeth (Wood, 1985). 
In summary, the few studies conducted on this issue did not provide solid evidence on 
whether caries incidence is symmetrical or not. 
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Aim of the Study 
The concept of caries risk assessment operates on the patient level. Various caries risk 
assessment tools are used to manage dental caries where patient characteristics are 
utilized to come up with the caries risk level of the patient. Accordingly, the proper 
dental treatment plan for each patient will be developed which constitutes specific 
recommendations about types of restorations offered for the patient, types, and 
frequencies of fluorides treatments needed, time intervals between follow-up visits, any 
changes in the diet, and oral hygiene instructions. Normally, higher caries risk patients 
require more extensive treatment plans than moderate or lower caries risk level patients.   
The aim of this to study is to take the concept of caries risk assessment a step further to 
assess the caries risk of teeth and surfaces rather than individuals. Targeting prevention to 
teeth that have a high caries risk will be cheaper, quicker, and more convenient to the 
patient and the dentist. The tooth caries risk assessment model will be built utilizing teeth 
characteristics such as anatomy, location, and function in addition to the strongest 
predictor of caries which is past caries experience. Therefore, caries occurrence patterns 
like symmetry or grouping will be evaluated to be used along with other local risk factors 
for caries in building such a model. 
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The Study Hypotheses: 
1. The prevalence of DMFS on the right side does not equal the prevalence of 
DMFS on the left side among adults on the population level in posterior teeth, 
anterior teeth, fissured surfaces, proximal surfaces, and facial and lingual surfaces.  
2. The incidence of DMFS on the right side does not equal the incidence of DMFS 
on the left side among adults on the population and individual level in posterior teeth, 
anterior teeth, fissured surfaces, proximal surfaces, and facial and lingual surfaces.  
3. Caries on a posterior tooth does not predict the incidence of caries on the bilateral 
posterior tooth among adults of all caries risk levels. 
4. Caries on an anterior tooth does not predict the incidence of caries on the bilateral 
anterior tooth among adults of all caries risk levels. 
5. Caries on a fissured surface does not predict the incidence of caries on the 
bilateral surface among adults of all caries risk levels. 
6. Caries on a proximal surface does not predict the incidence of caries on the 
bilateral proximal surface among adults of all caries risk levels. 
7. Caries on a facial or lingual surface does not predict the incidence of caries on the 
bilateral facial or lingual surface among adults of all caries risk levels.  
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8. Caries on a posterior tooth does not predict the incidence of caries on the adjacent 
posterior tooth among adults of all caries risk levels. 
9. Caries on an anterior tooth does not predict the incidence of caries on the adjacent 
anterior tooth among adults of all caries risk levels.  
10. Caries on a fissured surface does not predict the incidence of caries on the 
adjacent surface among adults of all caries risk levels. 
11. Caries on a proximal surface does not predict the incidence of caries on the 
adjacent proximal surface among adults of all caries risk levels. 
12. Caries on a facial or lingual surface does not predict the incidence of caries on the 
adjacent facial or lingual surface among adults of all caries risk levels.  
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Materials and Methods 
Study Population 
The study will be conducted using secondary data from the Dental Longitudinal Study 
(DLS). The DLS is an adjunctive study to the Normative Aging Study (NAS) which 
began by the Veterans Administration in 1963 to study diseases related to aging (Hayes, 
Sparrow, Cohen, Vokonas, & Garcia, 1998). In 1968, the DLS started as a prospective 
closed cohort study that included 1231 healthy community-dwelling men. The subjects 
were not veterans, and they received their medical and dental care in the private sector 
(Krall, Garvey, & Garcia, 1999). The comprehensive dental examination was carried out 
at baseline by a calibrated examiner. Follow-up examinations were done every three 
years (Chauncey, Glass, & Alman, 1989). The current analysis will be limited to 
examination cycles 6 (1985-1986) through 13. 
Human Subject Approval 
The study protocol was approved by the Boston University Institutional Review Board 
and the Boston Veterans Affairs Subcommittee on Human Studies.  
Description of Variables  
Demographics: 
Age of participants was calculated using the date of birth and the examination date. The 
study recorded the education level of the subject as “high school or less”, “some college”, 
or “college graduate”. The educational attainment was modified to become: “high school 
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or less” and “some college or college graduate”. Socioeconomic status at baseline (1968-
1973) was self-reported as “less than $9,999”, “$10,000-14,999”, “$15,000-19,999”, 
“$20,000-24,999”, “$25,000-29,999”, “$30,000-34,999”, “$35,000 or more”, or” 
Unknown”. The socioeconomic status was re-categorized into “less than 20,000$”, 
“20,000$ or more”, or “unknown”.  
Conditions of the ADA Caries Risk Assessment Tool and their Matching Variables 
form the DLS: 
The conditions from the caries risk assessment tool published by the ADA in 2009, 2011 
will be examined to determine its association with incidence of caries. The tool was 
designed to categorize those who are over the age of 6 into low, moderate, and high risk 
for developing caries based on three conditions: contributing conditions, general health 
conditions, and clinical conditions.  
The contributing conditions included:  
1- Fluoride exposure (through drinking water, supplements, professional application, 
and toothpaste): An answer of “Yes” to this condition categorized the subject into 
a low-risk category and an answer of “No” categorized the subject into a 
moderate risk category.   
2- Sugary foods or drinks (including juice, carbonated or non-carbonated soft drinks, 
energy drinks, medicine syrups): If the answer was “Primarily at mealtime”, then 
the subject will be assigned a low caries risk. If consumption of sugary foods or 
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drinks was “Frequent or prolonged between meal exposures/day”, then the subject 
would be assigned as high risk of caries.  
3- Caries experience of the mother, caregiver and/or other siblings (for patients ages 
6-14): “No carious lesions in last 24 months” indicated a low caries risk; “Carious 
lesions in last 7-23 months” indicated a moderate caries risk. “Carious lesions in 
last six months” indicated a high caries risk.   
4- Dental home (established patient of record, receiving regular dental care in a 
dental office): The presence of dental home marked the subject as low risk for 
caries, and its absence marked the subject as moderate risk.   
All of the contributing conditions were used except the caries experience of the mother, 
caregiver and/or other siblings since it was only meant to be used for ages 6-14. Three 
variables measured the condition of exposure to fluorides. These were the type of 
toothpaste used, use of fluoride mouthwash, and ever living in an area served by 
fluoridated water.  The kind of toothpaste used was recorded as either “fluoridated”, 
“non-fluoridated”, or “Do not know”. The fluoridated toothpaste variable was 
dichotomized into “fluoridated toothpaste” and “non-fluoridated toothpaste or Do not 
know”.  The frequency of use of fluoride mouthwashes was recorded as “never”, “Once 
per week”, “twice per week”, or “three or more times per week”. The fluoride 
mouthwash was dichotomized into “yes” and “no”.  
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The sugary foods or drinks condition was modified in the analysis because the data did 
not include a variable of mealtime or between meals consumption of sugars. Instead, the 
data contained three variables that were used to estimate the amount of sugars consumed 
per day. The three variables were the amount of sugar, candy, and dessert excluding 
sugar-sweetened beverages measured as servings/day; the amount of real fruit juice 
consumed measured as serving/day, and the amount of sugar-sweetened beverages 
consumed measured as serving/day. A cutoff point was used to assume the frequency and 
timing of sugar consumption. A frequent or prolonged between meal exposure of sugary 
foods or drinks was considered present if either the amount of sugar, candy, and dessert 
excluding sugar-sweetened beverages exceeded four servings/day, the amount of real 
fruit juice consumed exceeded two servings/day, or the amount of sugar-sweetened 
beverages consumed exceeded one serving/day.  
The dental home condition was measured using the variables of the number of prophy 
treatments in the past year and the number of dental treatments excluding prophy and x-
rays in the previous year. The two variables were dichotomized into “yes” if one or more 
prophy or dental treatment visits were recorded in the past year and “no” if no visits were 
made in the previous year.  
The general health conditions contained five conditions: 
1- Special health care needs (developmental, physical, medical or medical 
disabilities that prevent or limit the performance of adequate oral health care by 
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themselves or caregivers): The absence of these conditions determined the subject 
to be at low risk for caries. The presence of any of these condition designated 
subjects over the age of 14 to be at moderate risk of developing caries.   
2- Chemotherapy or radiation therapy: Any exposure to this kind of therapy in the 
past made the subject eligible to be in the high risk category.  
3- Eating disorders: The presence of eating disorders designated the subject a 
moderate caries risk category.  
4- Medications that reduce salivary flow: The use of these medications marked the 
subject as being in the moderate caries risk category.  
5- Drug or alcohol abuse: Subject were assigned a moderate caries risk if their 
answer was “Yes” to this condition.   
Four of the five general health conditions were used from the ADA caries risk assessment 
tool. One of the conditions (eating disorders) was not used since none of the DLS study 
participants had the condition. The special health care needs conditions that could limit 
the performance of oral health care recorded in the DLS data included paralysis agitans 
(e.g., Parkinson’s), cerebral paralysis, epilepsy, motor neuron disease, syringomyelia, 
facial paralysis, trigeminal neuralgia, polyneuritis, hereditary diseases of nervous system, 
other brain disease, brachial neuritis, multiple sclerosis, other diseases of peripheral 
nerves (median, ulnar nerves).  
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Radiation therapy was not recorded in the DLS study. Chemotherapy has been registered 
as the number of chemotherapy medications for cancer taken and it was used as the 
indicator for that condition after dichotomizing into “yes” or “no.  
Intake of drugs that reduced salivary flow was considered to be ‘yes’ if the subject was 
taking two or more of following medications classes: thiazide medications, 
antihistamines, anticonvulsants, psychotherapeutic agents, central nervous system 
depressants, analgesics and antipyretics, diuretics, and antihypertensive drugs.  
Two variables approximated alcohol abuse in the DLS study: the grams of alcohol 
consumed per day and being alcoholic at the time of the exam. Consumption of more 
than 42 gm of alcohol per day was considered to indicate alcoholism. For drug abuse, the 
ICD code for drug dependence was used as the definition.  
The clinical conditions section of the ADA caries risk assessment tool contained nine 
conditions: 
1- Cavitated or non-cavitated (incipient) carious lesions or restorations (visually or 
radiographically evident): “No new carious lesions or restorations in the last 36 
months” indicated a low risk for caries; “1 or 2 carious lesions or restorations in 
the last 36 months” indicated a moderate caries risk; and “3 or more carious 
lesions or restorations in the last 36 months” indicated a high caries risk.  
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2- Teeth missing due to caries in past 36 months: A “Yes” answer to this condition 
marked the subject at high risk for caries.    
3- Visible plaque: The presence of visible plaque marked the subject as moderate 
risk for caries.  
4- Unusual tooth morphology that compromises oral hygiene: The presence of this 
condition determined the subject to fall into the moderate caries risk category.   
5- Interproximal restorations (one or more): Having any interproximal restoration 
categorized the subject as having a moderate risk for caries development.    
6- Exposed root surfaces present: the existence of one or more exposed root surfaces 
classified the subject as being in a moderate risk for caries category.     
7- Restorations with overhangs and/or open margins; open contacts with food 
impaction: the presence of any of these conditions ranked the subject into a 
moderate caries risk category.    
8- Dental/orthodontic appliances (fixed or removable): the presence of any of these 
appliances identified the subject as having moderate caries risk.   
9- Severe dry mouth (xerostomia): Having xerostomia grouped the study participants 
in the moderate caries risk category.  
Eight of the nine conditions were matched with variables from the DLS data. Unusual 
tooth morphology was not recorded in the study and it was not used in the analysis. The 
difference in DMFS between baseline and the previous cycle was used to substitute the 
two variables of the number of cavitated or non-cavitated lesions or restoration in the past 
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36 months and any teeth missing due to caries in the past 36 months. The DLS did not 
include a record of reasons for tooth loss. An approximation of the variable was made 
and will be discussed later. 
The ADA caries risk assessment tool considered having one tooth with visible plaque, 
interproximal restoration, or exposed root surface as an indicator for moderate caries risk 
assessment. These values of these variables had to be modified in the data because the 
sample population is an older age group than what the ADA was designed for. Almost all 
subjects had at least one tooth with one of these three conditions. Thus, having multiple 
teeth with the condition was considered to indicate the risk instead of having only one 
tooth. Plaque is mostly visible on the six anterior teeth. Accordingly, if the subject had 
more than six teeth with plaque observed on a third of the buccal and lingual surfaces, he 
was considered to have visible plaque. For the interproximal restorations condition, the 
distribution of the variable was considered. Having 8 or more interproximal restorations, 
which corresponds to about half of the subjects, was regarded as a “yes”. The mean 
number of teeth with exposed root surfaces was high. More than three quarters of the 
subjects’ teeth had exposed root surfaces. Having half of the teeth with exposed root 
surfaces was chosen to mark the presence of the condition rather than considering the 
distribution of the data. Thus, the presence of 14 teeth with exposed root surfaces 
classified the subject as having the exposed root surface condition. The presence of one 
tooth with mesial and/or distal restoration with overhang classified the subject as having 
a restoration with overhanging restorations. The condition of dental or orthodontic 
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appliances was excluded from the analysis because the subjects were of an older age 
group and are not expected to be under ongoing orthodontic treatment. The Severe dry 
mouth was estimated from a variable in the DLS data that categorized the saliva of the 
subjects into copious, limited, or ropey. A severe dry mouth status was assigned to the 
study participant if he was recorded to have limited or ropey saliva. 
Dental Caries Variables and Calculation of DMFT and DMFS: 
The DLS registered the number of teeth for each subject in addition to the presence or 
absence of each tooth. Surfaces of teeth with crowns were considered filled. Third molars 
were excluded from the data as they are commonly extracted for reasons other than 
caries. Edentulous subjects were excluded from the data. The data from DLS was 
provided on the tooth level. Tooth locations were assigned to each tooth according to side 
(right and left), arch (maxillary and mandibular), and quadrant (upper right, upper left, 
lower left, lower right), and region (molars, premolars, anteriors). Surfaces were 
categorized into fissured, proximal, and facial and lingual surfaces. Fissured surfaces 
included occlusal surfaces of molars and premolars in addition to the lingual surfaces of 
maxillary molars and the buccal surfaces of the mandibular molars. Proximal surfaces 
included the mesial and distal surfaces of all teeth. Facial and lingual surfaces included 
all the facial and lingual surfaces of all teeth.   
Each surface of a tooth was recorded in the DLS as one of nine categories. The nine 
categories were “sound”, “decay level 1”, “decay level 2”, “decay level 3”, “filled and no 
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decay”, “filled and decay level 1”, “filled and decay level 2”, “filled and decay level 3”, 
“decay level 1 on X-ray”, and “decay level 2 or 3 on X-ray”. DMFS was calculated by re-
categorizing the values of the caries variable form the DLS and assigning each surface to 
one status of four. A surface was assigned a status of sound if the surface was sound. A 
surface was assigned a status of filled if the surface was recorded as filled with no decay. 
A surface was assigned a status of decayed if the surface has been registered to be 
decayed on any level or filled with decayed. A surface was assigned to be missing if the 
tooth was periodontally healthy in the previous cycle and was missing in the current 
cycle. If the tooth was missing at the current cycle and had any sign of periodontal 
disease in the previous cycle, then it was assumed to be missing due to periodontal 
reasons. A periodontally healthy tooth was defined as a tooth at any site with a bone loss 
not exceeding 20%, a pocket depth not exceeding 3 mm, clinical attachment loss not 
exceeding 2 mm, and mobility not exceeding 1 mm. A surface was given a score of 1 
when the surface status was either decayed, missing, or filled. The surface was given a 
score of 0 when the surface was sound. DMFS score for the tooth was calculated by 
summing the surface score for each tooth. DMFS score for the subject was calculated by 
summing the surface scores of all teeth for each study participant. Mean DMFS of the 
study subjects was calculated by summing subjects’ DMFS scores and dividing the total 
by the number of the subjects  
DMFT score was computed by assigning each tooth to one status of four. The tooth was 
assigned a status of “sound” if all surfaces were sound. The tooth was assigned to be 
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“filled” if at least one surface was filled with no decay and all other surfaces were sound 
or filled with no decay. The tooth was assigned to be decayed if at least one surface was 
decayed or filled with decay. To differentiate between teeth lost to caries and teeth lost 
due to periodontal disease, the tooth was assigned to be missing due to caries if the tooth 
was periodontally healthy in the previous cycle and was missing on the current cycle. If 
the tooth was missing at the current cycle and had any sign of periodontal disease in the 
previous cycle, then it was assumed to be missing due to periodontal reasons. A 
periodontally healthy tooth was defined as a tooth at any site with a bone loss not 
exceeding 20%, a pocket depth not exceeding 3 mm, clinical attachment loss not 
exceeding 2 mm, and mobility not exceeding 1 mm. A tooth was given a score of 1 when 
the tooth status was either decayed, missing, or filled. The tooth was given a score of 0 
when the tooth was sound. DMFT score for each subject was calculated by summing the 
tooth score of all teeth for each study participant. Mean DMFT score of the subjects was 
calculated by dividing the total of subjects’ individual DMFT scores by the number of 
subjects   
Selection of the Study Participants: 
Subjects who attended three consecutive cycles were grouped into separate datasets. The 
data sets were then added to each other to produce the final dataset. If a subjects came to 
three consecutive cycles more than once, then he would be selected only once by 
including his data from the earliest three cycles that he attended to reduce the correlation 
in the data.  
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Data Setup: 
Among the three consecutive cycles, the first cycle was considered pre-baseline cycle. 
Dental caries and periodontal data were processed from the first cycle to estimate the 
subjects’ past caries experience in the past 36 months and estimate the periodontal status 
of teeth. A variable of the caries experience in the past 36 months was created and added 
to the following (second or baseline) cycle. As discussed in the previous section, the 
periodontal status in the first cycle was only used to approximate the reasons for tooth 
loss. The second cycle was considered the baseline and included baseline demographics, 
baseline variables corresponding to the ADA CRA conditions, and baseline DMFT and 
DMFS. The third cycle contained the follow up DMFT and DMFS. This resulted in a 
dataset with baseline data and three year follow up DMFT and DMFS scores.  
The dataset was transformed from the tooth level to the surface level i.e. each surface was 
considered an observation. DMFS incidence was calculated by subtracting the follow-up 
DMFS from the baseline DMFS for each surface, tooth, and subject. Difference in DMFT 
was calculated by subtracting the follow-up DMFT from the baseline DMFT for each 
tooth and subject.  
The data set on the tooth level was split into posterior teeth and anterior teeth. The data 
set on the surfaces level was also divided into fissured surfaces, proximal surfaces, and 
facial and lingual surfaces. Fissured surfaces included occlusal surfaces of molars and 
premolars, lingual surfaces of maxillary molars, and buccal surfaces of mandibular 
 47 
 
molars. Proximal surfaces included mesial and distal surfaces of all teeth. Facial and 
lingual surfaces included facial and lingual surfaces of all teeth.  
Analysis Plan 
Univariate and Bivariate Analysis: 
There were two sets of univariate analysis. In the first set, means and proportions were 
used to examine the distribution of the demographics and the variables from the DLS that 
corresponds to the conditions of the ADA caries risk assessment tool among subjects. 
The distribution of the main dependent variable in the study which is caries incidence 
among the study subjects was also inspected.  
In the second set of univariate analyses, the distribution of the baseline characteristics 
was explored among subjects who had high, moderate, or low activity of caries between 
baseline and follow up cycles. Subjects were categorized into low, moderate and high 
caries activity groups according to the number of carious lesions incurred between 
baseline and follow-up. The analysis classified subjects who did not incur any carious 
lesions at follow-up as having a low caries activity. Those with 1 or 2 carious lesions 
were grouped into the moderate caries activity, and those with 3 or more carious lesions 
were categorized into the high caries activity group.  
The bivariate analysis consisted of two parts. In the first part, t-tests, chi-square tests, and 
the Pearson correlation coefficient were used to assess the associations between the caries 
risk variables and mean caries incidence of all teeth measured as a continuous variable in 
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the form of DMFS. The tests were then repeated for posterior teeth only by examining the 
associations between the baseline variables and the mean DMFS of posterior teeth only. 
The mean DMFS for posterior teeth was calculated by excluding anterior teeth, adding 
the DMFS score of posterior teeth only of each subject, then dividing the total by the 
number of subjects. A similar analysis was conducted for the anterior teeth only.    
The second part of the bivariate analysis was analogous to the first part but performed for 
groups of surfaces. It examined the association between the baseline caries risk factors 
and the caries incidence limited to fissured surfaces, proximal surfaces, and facial and 
lingual surfaces. Mean caries incidence in groups of surfaces was calculated in a similar 
fashion to caries incidence in groups of teeth. For example, mean caries incidence in 
fissured surfaces was calculated by excluding all surfaces except fissured surfaces, 
DMFS score for each subject was calculated, and then the sum of individual scores was 
divided by the number of subjects. Subjects who lost all their fissured surfaces were 
excluded from the analysis. The described methodology was used to calculate mean 
DMFS for proximal surfaces and facial and lingual surfaces.  
Caries Symmetry on the population level: 
In this section, the hypothesis of caries symmetry (right and left) was tested at the 
population level. The mean DMFT and DMFS at baseline in addition to the incidence of 
DMFT and DMFS were calculated for right and left teeth. A t-test comparing the means 
of right and left DMFT and DMFS for all teeth, for posterior teeth, for anterior teeth, for 
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fissured surfaces, for proximal surfaces, and for facial and lingual surfaces tested the 
symmetry of caries prevalence and Incidence on the population level. A non-significant 
p-value indicated symmetry.  
The mean and incidence of DMFT and DMFS were calculated for upper and lower teeth 
to test the similarity of DMFT and DMFS prevalence and incidence between maxillary 
and mandibular arches. The caries prevalence and incidence also compared between he 
right and left upper arches and between the right and left lower arches. In addition, mean 
and incidence of DMFT and DMFS were computed for each quadrant. Implementing t-
tests and One-way ANOVA tests tested the hypothesis of similarity in caries prevalence 
and incidence among arches and quadrants.  
Caries Symmetry on the Individual Level: 
The hypothesis of symmetry of caries incidence on the individual level was tested by 
building a model that predicts the likelihood of a tooth or surface becoming carious at 
follow-up given that the bilateral or adjacent tooth or surface is developing caries at 
follow-up compared to the situation of the bilateral tooth not developing caries at follow-
up. The models were applied to posterior teeth, anterior teeth, fissured surfaces, proximal 
surfaces, and facial and lingual surfaces. Generalized Estimating Equations (GEE) 
logistic regression analysis with binary distribution and unstructured working correlation 
were used in these models to account for the multiple teeth and surfaces per subject. All 
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the GEE models used in the study were built using a binary distribution and used 
unstructured working correlation as a structure for the model.    
To test the hypothesis of symmetry on the individual level, teeth and surfaces were 
paired. For testing the caries incidence on the individual level, only pairs where both 
teeth or surfaces in the pair were sound at baseline were included. Caries incidence on a 
tooth or a surface in the pair will be the exposure and caries incidence on the other tooth 
or surface in the pair will serve as the outcome. The nature of the pairing allowed the 
possibility of a pair to be included two times. However, pairs were allowed to be included 
only once to avoid repetition. Pairing was made in two ways: bilateral pairs and adjacent 
pairs. 
Bilateral pairs: For posterior teeth, right and left second molars were paired; right and 
left first molars were paired; right and left second premolars were paired, and right and 
left first premolars were paired. For anterior teeth, right and left canines were paired; 
right and left laterals were paired, and right and left centrals were paired. For fissured 
surfaces, right and left occlusal surfaces of second molars were paired; right and left 
occlusal surfaces of first molars were paired; right and left buccal surfaces of mandibular 
second molars were paired; right and left buccal surfaces of mandibular first molars were 
paired; right and left lingual surfaces of maxillary second molars were paired; right and 
left lingual maxillary first molars were paired; right and left occlusal surfaces of second 
premolars were paired; and right and left occlusal surfaces of first premolars were paired. 
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Similarly, proximal surfaces (mesial and distal) and facial and lingual surfaces were 
paired in right and left pairs.  
Adjacent pairs: For posterior teeth, first molars and second molars in each quadrant were 
paired; first premolars and second premolars in each quadrant were paired. For anterior 
teeth, the central and lateral in each quadrant were paired together. For fissured surfaces, 
the occlusal of second molar was paired with the occlusal of first molar in each quadrant; 
the buccal surface of the second molar was paired with the buccal surface of the first 
molar in each quadrant, and occlusal surface of the second premolar was paired with 
occlusal surface of the first premolar. For proximal surfaces, each two proximal surfaces 
in each contact point were paired together. For facial and lingual surfaces, surfaces on 
molars in each quadrant were paired together; surfaces on premolars in each quadrant 
were paired together; surfaces on centrals and laterals in each quadrant were paired 
together. For facial and lingual surfaces, surfaces on molars in each quadrant were paired 
together; surfaces on premolars in each quadrant were paired together; surfaces on 
centrals and laterals in each quadrant were paired together.   
Prediction of future caries by location of past caries:   
Prediction models were built to determine if caries at baseline on the bilateral or adjacent 
tooth or surfaces is predictive of future caries on a tooth or a surface. To control for the 
correlation of multiple teeth and surfaces per subject, GEE logistic regression models 
were built using a binary distribution and an unstructured working correlation. Pairs of 
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teeth and surfaces as described above were utilized in the models except that the predictor 
was the baseline caries presence on a tooth or a surface, and the outcome was the caries 
incidence at follow up on the other tooth or surface in the pair. Pairs where only one 
carious tooth or surface in the pair were included. Pairs with two carious teeth or surfaces 
or two sound teeth or surfaces at baseline were excluded. The odds of caries incidence on 
a tooth or a surface by the baseline carious status of the bilateral tooth or surface was 
calculated for posterior teeth, anterior teeth, fissured surfaces, proximal surfaces, and 
facial and lingual surfaces. A similar calculation of odds was computed for caries 
incidence predicted by the baseline caries status of the adjacent tooth or surface.  
Then, the presence of confounding or interaction in the relationship between baseline 
caries and caries development on the bilateral of adjacent tooth or surface was evaluated. 
Determining the variables that are confounding the relationship was made by using the 
change in estimate criterion by 10% method in addition to variables that were found in 
the bivariate analysis to be significant independent predictors of caries incidence. The 
change in estimate criterion by 10% method was by calculating the absolute value of the 
ratio of the difference between unadjusted estimate and the adjusted estimate to the 
unadjusted estimate. If the ratio was greater than or equal to 10%, then the variable was 
considered a confounder.  
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Then the final models were built to predict the caries incidence on posterior teeth, 
anterior teeth, fissured surfaces, proximal surfaces, and facial and lingual surfaces of the 
bilateral or adjacent tooth or surfaces controlling for confounders.  
Building a Caries Risk Assessment Tool for Teeth and Surfaces: 
The original ADA CRA tool was validated as a predictor of caries. This validation served 
as a reference point to compare the teeth and surfaces caries risk assessment tools to. 
Individuals were categorized according to the ADA CRA tool in high, moderate, and low 
caries risk to examine the validity of the ADA CRA tool in the study sample. Sensitivity 
and specificity were calculated by combining the two categories of moderate and high 
against the low caries risk.  
Then, the ADA CRA tool was modified to categorize the caries risk of posterior teeth, 
anterior teeth, fissured surfaces, proximal surfaces, and facial and lingual surfaces. The 
ADA CRA tool variables were divided into two groups: subject level variables and tooth 
or surface level variables. The subject level variables included: fluoride exposure, sugary 
foods or drinks, dental home, special care needs, alcohol abuse, medications that reduce 
salivary flow, and severe dry mouth. These variables were used to determine the caries 
risk of the subject. Some variables were excluded from our analysis because only a few 
subjects had the conditions including chemo/radiation therapy and drug abuse. Subjects 
who were not expected to be at risk for developing caries were not included in 
subsequent steps. Subjects who were determined to be at moderate or high risk for 
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developing caries will be included in the next models to categorize the caries risk of their 
teeth and surfaces. In each group of teeth and surfaces, the variables that proved in the 
GEE models to be confounders or significant predictors of caries incidence were used to 
classify teeth and surfaces as a high or low risk for caries. The presence of any one of 
these variables on the tooth indicated a high risk for caries. The absence of all these 
variables on the tooth indicated a low risk for caries. The accuracy of the classification 
was determined by plotting it against the actual incidence of caries on teeth and surfaces 
and calculating sensitivities and specificities.   
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Results 
Univariate Analysis: 
 The distribution of the variables of demographic characteristics among the study subjects 
was investigated (Table 1). The sample consisted of 495 subjects who attended three 
consecutive cycles between cycle 6 and 13. Cycle 7 was the baseline cycle for about 95% 
(n=470) of the subjects. Of the remaining 25 subjects, two subjects had cycle eight as the 
baseline, 12 subjects had cycle nine as the baseline, three subjects had cycle ten as the 
baseline, six subjects had cycle 11 as the baseline, and two subjects had cycle 12 as the 
baseline. The subjects’ age ranged from 49 to 91 years with a mean age of 66.03  7.46 
years. The number of teeth of the subjects ranged from 1 to 28 with a mean number of 
teeth of 21.14  6.09 teeth. Regarding socioeconomic status, about three-quarters of the 
subjects (73.13%) had college or some college education and 41.42% of the subjects had 
an income of $20,000 (in 1970s dollars) or more.  
Table 1: Distribution of Demographic Characteristics among the Study Subjects. 
Demographics n 
Mean  SD (Range)  
or Frequency (%) 
Age 495 66.03  7.46 (48 – 91) 
Number of Teeth excluding third molars 495 21.14  6.09 (1 – 28) 
Education 
College or some college 
495 
362 (73.13) 
High school or less 133 (26.87) 
SES 
$20,000 or more 
478 
198 (41.42) 
Less than $20,000 280 (58.58) 
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The distribution of the variables from the DLS matching the caries contributing 
conditions form the ADA caries risk assessment tool was inspected (Table 2). Regarding 
fluoride exposure, about three quarters (74.90%) of the subjects reported ever exposed to 
water fluoridation, 93.1% confirmed using fluoridated toothpaste, and only 5.07% 
reported using fluoridated mouthwash. Consumption of sugary foods or drinks by the 
subjects was not very high. The mean number of servings per day of sugar, candy, and 
desserts (excluding sugar-sweetened beverages) was 2.572.42. The number of servings 
per day of real fruit juice and sugar-sweetened beverages was 0.94  0.87 and 0.33  0.50 
respectively. The majority of the subjects (84.79%) were assumed to have an established 
dental home since they had at least one visit for prophy cleaning or dental treatment in 
the past year.  
The DLS variables corresponding to the general health conditions from the ADA CRA 
were inspected (Table 3). Only 23 subjects or 4.65% had a condition that required them 
help with oral hygiene. The variable of taking chemotherapy medication for cancer 
therapy was excluded from further analysis because only one subject received 
chemotherapy. The mean number of drugs that reduces salivary flow taken by the 
subjects was 1.86  1.46 with a range of (0 – 9) where 29.34% of the subjects used more 
than three salivary flow lowering medications. Thirty subjects or 6.06% were categorized 
as alcoholic since they reported consuming 42gm of alcohol or more per day. The two 
variables of alcoholic and drug user at the time of exam were excluded from further  
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analysis since only one subject was alcoholic but none of the study participants was a 
drug user at the time of the exam.  
Table 2: Distribution of the Contributing Conditions Variables among the Study 
Subjects. 
Contributing Conditions Variables n 
Mean  SD (Range)  
or Frequency (%) 
Fluoride exposure 
Ever exposed to water 
fluoridation 
Yes 
490 
367 (74.90) 
No 123 (25.10) 
Uses fluoridated toothpaste 
Yes 
493 
459 (93.10) 
No or do not know 34 (6.90) 
Uses fluoride mouthwash 
Yes 
493 
25 (5.07) 
No 4768(94.93) 
Sugary Foods or Drinks 
Sugar, candy, and desserts 
(excluding sugar-sweetened 
beverages) 
Servings/day 
495 
2.57  2.42 (0 – 22.83) 
4 or more servings/day 99 (20.00) 
Less than 4 servings/day 396 (80.00) 
Real fruit juice 
Servings/day 
495 
0.94  0.87 (0 – 6.38) 
2 or more servings/day 41 (8.28) 
Less than 2 servings/day 454 (91.72) 
Sugar sweetened beverages 
Servings/day 
495 
0.33  0.50 (0 – 3.14) 
1 or more serving/day 40 (8.08) 
Less than one serving/day 455 (91.92) 
Dental Home 
Prophy visits in the past year 
 
 
Number of visits 
493 
1.42  1.12 (0 – 6) 
Yes 386 (78.30) 
No 107 (21.70) 
Dental treatment visits in the 
past year 
 
Number of visits 
493 
1.25  1.87 (0 – 17) 
Yes 261 (52.94) 
No 232 (47.06) 
Proophy visit or dental 
treatment in the past year 
Yes 
493 
418 (84.79) 
No 75 (15.21) 
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Table 3: Distribution of the General Health Conditions Variables among the Study 
Subjects. 
General Health Condition Variables n 
Mean  SD (Range)  
or Frequency (%) 
Special health care needs 
Conditions requiring help 
with oral care 
Yes 
495 
23 (4.65) 
No 472 (95.35) 
Chemo/radiation therapy 
Taking chemotherapy 
medication for cancer 
Yes 
495 
1 (0.20) 
No 494 (99.80) 
Medication that reduce salivary flow 
Medication that reduce 
salivary flow 
Number of medications 
495 
1.86  1.46 (0 – 9) 
3 or more medications 147 (29.34) 
Less than 3 medications 354 (70.66) 
Drug/Alcohol Abuse 
Alcohol consumption in 
gm/day 
Number of gm/day 
479 
12.4416.86 (0–120.60) 
42 gm or more /day 30 (6.06) 
Less than 42 gm /day 465 (93.94) 
Alcoholic at time of exam 
Yes 
495 
1 (0.20) 
No 494 (99.80) 
Drug user at time of exam 
Yes 
495 
0 (0.00) 
No 501 (100.00) 
 
The DLS variables that were consistent with the clinical conditions from the ADACRA 
were explored (Table 4). Examination of the subjects at baseline revealed that they had 
mean DMFT and DMFS of 20.58  4.53 and 76.97  27.60 with a range of (2–28) and 
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(2–139) respectively. About one-third (32.32%) of the subjects had a DMFS of 1 or 2 in 
the past 36 months. Forty percent of the subjects had a DMFS of 3 or more in the past 36 
months. The subjects had fairly good oral hygiene since the mean number of teeth with 
plaque on buccal or lingual or 2/3 of all surfaces was 2.03  2.80 with a range of (0 – 22) 
teeth. The mean number of teeth with interproximal restorations was 8.28  4.56 with a 
range of (0 – 22) teeth. Most of the subjects’ teeth had exposed root surfaces with a mean 
number of 17.90  5.60 and a range of (0 – 28) teeth. The average number of teeth with 
overhanging restorations was 0.61  1.16 with a range of (0 – 8) teeth. Only 6.67% of the 
subjects had xerostomia defined as having limited or ropey saliva.  
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Table 4: Distribution of the Clinical Conditions Variables among the Study Subjects. 
Clinical Conditions Variables n 
Mean  SD (Range)  
or Frequency (%) 
Cavitated or Non-Cavitated Lesions or Restoration in the Last 36 Months 
DMFT at Baseline 495 20.58  4.53 (2 – 28) 
DMFT incidence in the 
past 36 months 
Number of lesions 
495 
0.32  0.73 (0 – 6) 
No new lesions or restorations 385 (77.78) 
1 or 2 new lesions or restoration 102 (20.60) 
3 or more lesions or restoration 8 (1.72) 
DMFS at Baseline 495 76.97  27.60 (2 – 139) 
DMFS incidence in the 
past 36 months 
Number of lesions 
495 
3.22  4.57 (0 – 41) 
No new lesions or restorations 137 (27.68) 
1 or 2 new lesions or restoration 160 (32.32) 
3 or more lesions or restoration 198 (40.00) 
Visible Plaque 
Teeth with plaque on 
buccal or lingual or 2/3 
of all surfaces 
Number of teeth 
495 
2.03  2.80 (0 – 22) 
Six or more teeth 51 (10.30) 
Less than six teeth 444(89.70) 
Interproximal Restorations 
Teeth with interproximal 
restorations 
Number of teeth 
495 
8.28  4.56 (0 – 22) 
Eight or more teeth 272 (54.95) 
Less than 8 teeth 223 (45.05) 
Exposed Root Surfaces 
Teeth with recession 
 
 
Number of teeth 
495 
17.90  5.60 (0 – 28) 
Fourteen or more teeth 388 (78.38) 
Less than 14 teeth 107 (21.62) 
Restorations with Overhangs and/or Open Margins, Open Contacts with Food Impaction 
Teeth with overhanging 
restorations 
Number of teeth 
495 
0.61  1.16 (0 – 8) 
One or more teeth 156 (31.52) 
No 339 (68.48) 
Severe Dry Mouth (Xerostomia) 
Saliva Quantity/Quality 
Limited or Ropey 
495 
33 (6.67) 
Copious 462 (93.33) 
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The distribution of caries incidence at follow up is shown in Table 5. Between baseline 
and three years follow-up, the subjects incurred a mean DMFT and DMFS of 0.26  0.70 
and 2.42  3.53 with a range of (0 – 7) and (0 – 34) respectively. Regarding DMFS 
incidence, about one-third of the subjects (34.95%) had zero DMFS incidence, about one-
third (32.93%) had a DMFS incidence of 1 or 2, and about one-third of the subjects 
(32.13%) had DMFS of 3 or more 
Table 5: Distribution of the Caries Incidence (Main Outcome Variable) Measured as 
DMFT and DMFS among the Study Subjects. 
Caries Incidence n 
Mean  SD (Range)  
or Frequency (%) 
DMFT incidence at 
follow-up 
Number of lesions or restoration 
495 
0.26  0.70 (0 – 7) 
No new lesions or restorations 411 (83.03) 
1 or 2 new lesions or restoration 76 (14.36) 
3 or more lesions or restoration 8 (1.61) 
DMFS incidence at 
follow-up 
Number of lesions or restoration 
495 
2.42  3.53 (0 – 34) 
No new lesions or restorations 173 (34.95) 
1 or 2 new lesions or restoration 163 (32.93) 
3 or more lesions or restoration 159 (32.12) 
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Baseline Characteristics Stratified by Caries Activity:  
The baseline demographic characteristics of the subjects stratified by the caries activity 
are described in Table 6. There was some variation in the baseline characteristics of the 
subjects depending on their caries activity defined by the number of DMFS lesion 
incurred between baseline and follow-up. Low caries activity group was defined as those 
subjects who did not have any carious lesions at follow-up. Moderate activity subjects 
were those who had 1 or 2 carious surfaces at follow-up. High caries activity group were 
those who had 3 or more carious lesion at follow-up. Low activity group was about one 
year younger on average with a mean age of 65.29 + 7.53 years compared to moderate 
and high caries activity group who had a mean age of 66.79  8.02 and 66.06  6.72 
respectively. Also, the low activity caries group had on average 20.14  6.98 teeth which 
is about one tooth less than the average number of teeth for moderate activity group who 
had a mean number of 21.31  6.13 and about two teeth less than the high activity group 
who had an average of 22.06  4.71 teeth. Education level did not show considerable 
variation among the groups with 73.99%, 71.78%, and 73.59% of low, moderate and high 
caries activity groups respectively having college or some college education. Low 
activity group showed higher proportion (48.80%) of socioeconomic status measured by 
income of $20,000 or more compared to moderate activity group (37.58%) and high 
activity group (37.42%).  
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Table 6: Distribution of Demographic Characteristics among the Study Subjects 
Stratified by Caries Activity. 
Demographics n 
Mean  SD (Range) 
or Frequency (%) 
 
Age 
Low Caries Activity 173 65.29  7.53 (48 – 89) 
Moderate Caries Activity 163 66.79  8.02 (49 – 91) 
High Caries Activity 159 66.06  6.72 (48 – 85) 
 
Number of Teeth 
excluding third molars 
Low Caries Activity 173 20.14  6.98 (3 – 28) 
Moderate Caries Activity 163 21.31  6.13 (1 – 28) 
High Caries Activity 159 22.06 4.71 (6 – 28) 
 
Education 
Low Caries Activity 
College or some college 
173 
128 (73.99) 
High school or less 45 (26.01) 
Moderate Caries Activity 
College or some college 
163 
117 (71.78) 
High school or less 46 (28.22) 
High Caries Activity 
College or some college 
159 
117 (73.59) 
High school or less 42 (26.42) 
 
SES 
Low Caries Activity 
$20,000 or more 
166 
81 (48.80) 
Less than $20,000 85 (51.20) 
Moderate Caries Activity 
$20,000 or more 
157 
59 (37.58) 
Less than $20,000 98 (62.42) 
High Caries Activity 
$20,000 or more 
155 
58 (37.42) 
Less than $20,000 97 (62.58) 
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The distribution of the contributing conditions variables among the three groups of caries 
activity is illustrated in Table 7. Fluoride exposure among the groups showed an 
unexpected and irrational trends of exposure to fluoride variables which raised questions 
about the accuracy of reporting this information by the subjects. A higher proportion of 
the moderate activity group (78.26%) reported ever exposed to water fluoridation 
compared to high activity group (75.16%) and low-activity group (71.51%). This variable 
was measured by asking subjects and was not validated by cross-referencing zip codes of 
addresses with fluoridation distribution geography. High and moderate activity groups 
reported using fluoridated toothpaste (94.34% and 94.44% respectively) more often than 
low-activity group (90.70%). A possible explanation for those is that subjects who had 
more carious lesions were feeling guilty and reported using fluoridated toothpaste more 
often as a defense mechanism.  Additionally, the slightly higher proportion of high 
activity group (6.92%) reported using fluoride mouthwash compared to moderate 
(4.32%) and low-activity group (4.07%).  
The consumption of sugary foods or drinks did not show much variation or consistent 
trends among the groups. The moderate activity group had a higher number of servings of 
sugar, candy, and desserts (excluding sugar-sweetened beverages with a mean of 2.61  
2.50 compared to high activity group (2.58  2.40) and low-activity group (2.52  2.36). 
High activity group had the lowest number of servings of real fruit juice with a mean of 
0.89  0.75 compared to low activity (0.96 0.92) and moderate activity groups (0.96  
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0.92). However, the high activity group had the highest consumption of sugar-sweetened 
beverages with a mean of 0.35  0.54 compared to low activity (0.32  0.47) and 
moderate activity (0.32  0.48).  
The dental home defined as the number of prophy and dental treatment visits showed an 
inverse trend where high caries activity group visited the dentist more often (86.14%) 
than moderate (84.57%) or low activity (83.72%) groups. The trend was also apparent 
when considering number of prophy visits for the high activity group (1.48  1.20) and 
number of dental visits (1.40  1.72) compared to the moderate activity group (1.40  
1.01 and 1.17  1.97 respectively) and the low activity group (1.37  1.16 and 1.19  
1.91 respectively).  
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Table 7: Distribution of the Contributing Conditions (Fluoride Exposure) Variables 
among the Study Subjects Stratified by the Caries Activity. 
Contributing Conditions 
(Fluoride Exposure) 
n Frequency (%) 
 
Ever exposed to water fluoridation 
Low Caries Activity 
Yes 
172 
123 (71.51) 
No 49 (28.49) 
Moderate Caries Activity 
Yes 
161 
126 (78.26) 
No 35 (21.74) 
High Caries Activity 
Yes 
157 
118 (75.16) 
No 39 (24.84) 
 
Uses fluoridated toothpaste 
Low Caries Activity 
Yes 
172 
156 (90.70) 
No or do not know 16 (9.30) 
Moderate Caries Activity 
Yes 
162 
153 (94.44) 
No or do not know 9 (5.56) 
High Caries Activity 
Yes 
159 
150 (94.34) 
No or do not know 9 (5.66) 
 
Uses fluoride mouthwash 
Low Caries Activity 
Yes 
172 
7 (4.07) 
No 165 (95.93) 
Moderate Caries Activity 
Yes 
163 
7 (4.32) 
No 155 (95.68) 
High Caries Activity 
Yes 
159 
11 (6.92) 
No 148 (93.08) 
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Table 7(continued): Distribution of the Contributing Conditions (Sugary Foods or 
Drinks) Variables among the Study Subjects Stratified by the Caries Activity. 
Contributing Conditions 
(Sugary Foods or Drinks) 
n 
Mean  SD (Range) 
or Frequency (%) 
 
 
 
 
Sugar, candy, and desserts 
(excluding sugar-
sweetened beverages) 
Low Caries Activity 
Servings/day  
173 
2.52  2.36 (0 – 14.60) 
4 or more servings/day 33 (19.08) 
Less than 4 servings/day 140 (80.92) 
Moderate Caries Activity 
Servings/day  
160 
2.61  2.50 (0 – 22.83) 
4 or more servings/day 33 (20.25) 
Less than 4 servings/day 130 (79.75) 
High Caries Activity 
Servings/day  
157 
2.58  2.40 (0 – 11.60) 
4 or more servings/day 33 (20.75) 
Less than 4 servings/day 126 (97.25) 
 
 
 
 
 
Real fruit juice 
Low Caries Activity 
Servings/day  
173 
0.96  0.92 (0 – 6.38) 
2 or more servings/day 17 (9.83) 
Less than 2 servings/day 156 (90.17) 
Moderate Caries Activity 
Servings/day  
160 
0.96  0.92 (0 – 6.08) 
2 or more servings/day 16 (9.28) 
Less than 2 servings/day 147 (90.18) 
High Caries Activity 
Servings/day  
157 
0.89  0.75 (0 – 5.50) 
2 or more servings/day 8 (5.03) 
Less than 2 servings/day 151 (94.97) 
 
 
 
 
 
Sugar sweetened 
beverages 
Low Caries Activity 
Servings/day  
173 
0.32  0.47 (0 – 3.08) 
1 or more serving/day 14 (8.09) 
Less than one serving/day  159 (91.91) 
Moderate Caries Activity 
Servings/day  
160 
0.32  0.48 (0 – 2.66) 
1 or more serving/day 14 (8.59) 
Less than one serving/day  149 (91.41) 
High Caries Activity 
Servings/day  
157 
0.35  0.54 (0 – 3.14) 
1 or more serving/day 12 (7.55) 
Less than one serving/day 147 (92.45) 
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Table 7(continued): Distribution of the Contributing Conditions (Dental Home) 
Variables among the Study Subjects Stratified by the Caries Activity. 
Contributing Conditions 
(Dental Home) 
n 
Mean  SD (Range) 
or Frequency (%) 
 
Prophy visits in the past year 
 
Low Caries Activity 
Number of visits 
 
172 
1.37  1.16 (0 – 4) 
Yes 131 (76.16) 
No 41 (23.48) 
Moderate Caries Activity 
Number of visits 
162 
1.40  1.01 (0 – 4) 
Yes 131 (80.86) 
No 31 (19.14) 
High Caries Activity 
Number of visits 
159 
1.48  1.20 (0 – 6) 
Yes 124 (77.99) 
No 35 (22.01) 
 
Dental treatment visits in the past 
year 
 
Low Caries Activity 
Number of visits 
172 
1.19  1.91 (0 – 11) 
Yes 89 (51.74) 
No 83 (48.26) 
Moderate Caries Activity 
Number of visits 
162 
1.17  1.97 (0 – 17) 
Yes 75 (46.30) 
No 87 (53.70) 
High Caries Activity 
Number of visits 
159 
1.40  1.72 (0 – 9) 
Yes 97 (61.01) 
No 62 (38.99) 
 
Proophy visit or dental treatment in 
the past year 
Low Caries Activity 
Yes 
172 
144 (83.72) 
No 28 (16.28) 
Moderate Caries Activity 
Yes 
162 
137 (84.57) 
No 25 (15.43) 
High Caries Activity 
Yes 
159 
137 (86.14) 
No 22 (13.84) 
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The distribution of the variables of the general health conditions among the three groups 
of caries activity is demonstrated in Table 8. Low activity group contained the highest 
proportion (5.78%) of subjects with a condition requiring help with oral care compared to 
moderate activity (4.92%) and high activity (3.14%). The mean number of medications 
that reduce salivary flow taken by the subjects increased with increasing activity from 
1.73  1.26 for low activity to 1.91  1.59 for moderate activity to 1.94  1.53 for high 
activity group. The alcohol consumption of subjects did not vary between the groups with 
a mean gm/day of 12.54  17.97 for low activity group, 12.58  17.94 for moderate 
activity group, and 12.20  14.45 for high activity group.     
The distribution of the variables of the clinical conditions is shown in Table 9. Most of 
the clinical condition recorded at baseline or in the 36 months before baseline showed a 
trend with caries activity status. The low activity group had on average 2.61  4.30 
DMFS in the past six months which was lower than the moderate activity (3.07  4.17) 
and the high activity (4.06  5.13). Going in the same direction is the number of lesions 
in the past 36 months categorized into no carious lesions, 1 or 2 carious lesion, and 3 or 
more carious lesions. The number of teeth with visible plaque also increased with 
increasing caries activity. High caries activity group had on average 2.35  2.81 teeth 
with visible plaque while moderate activity group had 1.82  2.39 and low activity group 
had 1.94  3012 teeth with visible plaque.  
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Table 8: Distribution of the General Health Conditions Variables among the Study 
Subjects Stratified by the Caries Activity. 
General Health Condition n 
Mean  SD (Range) 
or Frequency (%) 
Conditions requiring 
help with oral care 
 
Low Caries Activity 
Yes 
173 
10 (5.78) 
No 163 (94.22) 
Moderate Caries Activity 
Yes 
162 
8 (4.91) 
No 155 (95.09) 
High Caries Activity 
Yes 
159 
5 (3.14) 
No 154 (96.86) 
 
Medication that reduce 
salivary flow 
 
Low Caries Activity 
Number of medications 
173 
1.73  1.26 (0 – 6) 
3 or more medications 45 (26.01) 
Less than 3 medications 128 (73.99) 
Moderate Caries Activity 
Number of medications 
163 
1.91  1.59 (0 – 8) 
3 or more medications 47 (28.83) 
Less than 3 medications 116 (71.17) 
High Caries Activity 
Number of medications 
159 
1.94  1.53 (0 – 9) 
3 or more medications 53 (33.33) 
Less than 3 medications 106 (66.67) 
 
Alcohol consumption 
in gm/day 
Low Caries Activity 
Number of gm/day 
173 
12.54 17.97 (0-120.60) 
42 gm or more /day 9 (5.20) 
Less than 42 gm /day 164 (94.80) 
Moderate Caries Activity 
Number of gm/day 
156 
12.58  17.94 (0-76.80) 
42 gm or more /day 13 (7.98) 
Less than 42 gm /day 150 (92.02) 
High Caries Activity 
Number of gm/day 
153 
12.20 14.45 (0–77.92) 
42 gm or more /day 8 (5.03) 
Less than 42 gm /day 151 (94.97) 
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Similarly, having more interproximal restorations was consistent with having higher 
caries activity, the mean number of interproximal restorations of low caries activity group 
was 7.40  4.77 which increased in moderate activity group to 8.56  4.43 and in high 
activity group to 8.95  4.32 interproximal restorations. Interestingly, the number of teeth 
with recession at baseline increased with increasing caries activity. Low caries activity 
group had a mean number of 16.66  6.02 teeth with recession. Moderate caries activity 
group had 17.83  5.60 teeth on average with recession. High caries activity group had an 
average of 19.31  4.79 teeth with recession.  
Not surprisingly, increasing caries activity correlated with higher number of teeth with 
overhanging restorations. Low caries activity group had about half a tooth with 
overhanging restoration (0.53  0.99) while moderate and high caries activity had about 
two-thirds of a tooth with overhanging restoration (0.63  1.28 and 0.67  1.20 
respectively). However, xerostomia was higher in moderate activity caries group (7.36%) 
than low (6.36%) and high activity groups (6.29%).  
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Table 9: Distribution of the Clinical Conditions (DMFS at Baseline, Cavitated or 
Non-Cavitated Lesions or Restorations in the Last 36 Months, and Visible Plaque) 
Variables among the Study Subjects Stratified by the Caries Activity. 
Cavitated or Non-Cavitated Lesions or Restorations 
in the Last 36 Months 
n 
Mean  SD (Range) 
or Frequency (%) 
DMFS at Baseline 
Low Caries Activity 173 79.91  30.17 (3 – 139) 
Moderate Caries Activity 163 75.63  27.72 (2 – 139) 
High Caries Activity 159 75.14  24.26 (13–137) 
 
DMFS incidence in 
the past 36 months 
Low Caries Activity 
Number of lesions 
173 
2.61  4.30 (0 – 41) 
No new lesions or restorations 56 (32.37) 
1 or 2 new lesions or restoration 61 (35.26) 
3 or more lesions or restoration 56 (32.37) 
Moderate Caries Activity 
Number of lesions 
163 
3.07  4.17 (0 – 26) 
No new lesions or restorations 48 (29.45) 
1 or 2 new lesions or restoration 49 (30.06) 
3 or more lesions or restoration 66 (40.49) 
High Caries Activity 
Number of lesions 
159 
4.06  5.13 (0 – 29) 
No new lesions or restorations 33 (20.75) 
1 or 2 new lesions or restoration 50 (32.45) 
3 or more lesions or restoration 76 (46.8) 
 
Teeth with plaque on 
buccal or lingual or 
2/3 of all surfaces 
Low Caries Activity 
Number of teeth 
173 
1.94  3.12 (0 – 22) 
Six or more teeth 17 (9.83) 
Less than six teeth 156 (90.17) 
Moderate Caries Activity 
Number of teeth 
163 
1.82  2.39 (0 – 12) 
Six or more teeth 16 (9.82) 
Less than six teeth 147 (90.18) 
High Caries Activity 
Number of teeth 
159 
2.35  2.81 (0 – 19) 
Six or more teeth 18 (11.32) 
Less than six teeth 141 (88.68) 
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Table 9 (continued): Distribution of the Clinical Conditions (Interproximal 
Restorations and Exposed Roots) Variables among Study Subjects Stratified by 
Caries Activity. 
Clinical Conditions Variables n 
Mean  SD (Range)  
or Frequency (%) 
 
Teeth with Interproximal 
Restorations 
 
Low Caries Activity 
Number of teeth 
173 
7.40  4.77 (0 – 20) 
Eight or more teeth 77 (44.51) 
Less than 8 teeth 96 (55.49) 
Moderate Caries Activity 
Number of teeth 
163 
8.56  4.43 (0 – 22) 
Eight or more teeth 97 (59.51) 
Less than 8 teeth 66 (40.49) 
High Caries Activity 
Number of teeth 
159 
8.95  4.32 (0 – 19) 
Eight or more teeth 98 (61.64) 
Less than 8 teeth 61 (38.36) 
 
Teeth with Recession 
 
Low Caries Activity 
Number of teeth 
173 
16.66  6.02 (1 – 27) 
Fourteen or more teeth 121 (69.94) 
Less than 14 teeth 52 (30.06) 
Moderate Caries Activity 
Number of teeth 
163 
17.83  5.60 (1 – 28) 
Fourteen or more teeth 128 (78.53) 
Less than 14 teeth 35 (21.47) 
High Caries Activity 
Number of teeth 
159 
19.31  4.79 (0 – 28) 
Fourteen or more teeth 139 (87.42) 
Less than 14 teeth 20 (12.58) 
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Table 9 (continued): Distribution of Clinical Conditions (Overhanging Restorations 
and Xerostomia) Variables among Subjects Stratified by Caries Activity 
Clinical Conditions Variables n 
Mean  SD (Range) 
or Frequency (%) 
 
Teeth with overhanging 
restorations 
 
Low Caries Activity 
Number of teeth 
 
173 
0.53  0.99 (0 – 4) 
One or more teeth 51 (29.48) 
No 122 (70.52) 
Moderate Caries Activity 
Number of teeth 
163 
0.63  1.28 (0 – 8) 
One or more teeth 51 (31.29) 
No 112 (68.71) 
High Caries Activity 
Number of teeth 
159 
0.67  1.20 (0 – 6) 
One or more teeth 54 (33.96) 
No 105 (66.04) 
 
Saliva Quality/Quantity 
 
Low Caries Activity 
Limited or Ropey 
173 
11 (6.36) 
Copious 162 (93.64) 
Moderate Caries Activity 
Limited or Ropey 
163 
12 (7.36) 
Copious 151 (92.64) 
High Caries Activity 
Limited or Ropey 
159 
10 (6.29) 
Copious 149 (93.71) 
  
 
 75 
 
DMFS Incidence on All Teeth, Posterior Teeth, and Anterior Teeth by the General 
and Local Caries Risk Factors: 
The difference in distribution of DMFS incidence among the groups of teeth by the 
baseline demographic characteristics is shown in Table 10. Subjects who were 65 years 
or older incurred higher DMFS (2.65  3.92) than subjects who were younger than 65 
years old but the difference was not statistically significant at the 0.05 level (p=0.09). 
However, when DMFS was split into DMFS on anterior teeth and DMFS on posterior 
teeth, younger subjects had higher mean DMFS on posterior teeth (1.64  2.27) than 
older subjects (1.61  2.22) with a p-value of 0.89. However, on anterior teeth, older 
subjects had higher mean DMFS (1.12  2.70) compared to younger subjects (0.61  
1.59) with a statistically significant difference (p=0.01). Subjects with college or some 
college education had lower DMFS on all, posterior, and anterior teeth (2.33  3.45; 1.61 
 2.24; 0.81  2.16 respectively) than subjects who had high school education or less 
(2.68  3.75; 1.67  2.25; 1.15  2.63 respectively) with p-values of 0.34 for all teeth, 
0.77 for posterior teeth, and 0.19 for anterior teeth. Similarly, subjects with higher income 
(20,000$ or more) had lower DMFS incidence on all teeth (2.29  3.32) and on all 
posterior teeth (1.47  2.12) than subjects with lower income (less than $20,000) on all 
teeth (2.50  3.56) and on posterior teeth (1.74  2.28). However, higher income subjects 
had more DMFS incidence on anterior teeth (0.936  2.29) compared to lower income 
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Table 10: Distribution of DMFS Incidence by Demographic Characteristics among 
the Study Subjects Stratified by Groups of Teeth. 
Demographics n 
Mean  SD or 
r=correlation 
coefficient  
p-value 
 
Age 
DMFS incidence of All Teeth 
Number of years 495 r=0.07 0.11 
65 y or older 282 2.65  3.92 
0.09 
Younger than 65 y 213 2.13  2.92 
DMFS Incidence Limited to Posterior Teeth 
Number of years 475 r=0.02 0.66 
65 y or older 270 1.61  2.22 
0.89 
Younger than 65 y 205 1.64  2.27 
DMFS Incidence Limited to Anterior Teeth 
Number of years 489 r=0.10 0.023 
65 y or older 227 1.12  2.70 
0.01 
Younger than 65 y 212 0.61   1.59  
Number of 
Teeth 
DMFS incidence (All Teeth) 495 r=0.03 0.46 
DMFS Incidence (Posterior Teeth) 475 r=0.10 0.03 
DMFS Incidence (Anterior Teeth) 489 r= - 0.11 0.02 
 
Education 
DMFS incidence of All Teeth 
College or some college 362 2.33  3.45 
0.34 
High school or less 133 2.68  3.75 
DMFS Incidence Limited to Posterior Teeth 
College or some college 347 1.61  2.24  
0.77 
High school or less 128 1.67  2.25  
DMFS Incidence Limited to Anterior Teeth 
College or some college 358 0.81  2.16  
0.19 
High school or less 131 1.15  2.63  
 
SES 
 
 
DMFS incidence of All Teeth 
$20,000 or more 298 2.29  3.32 
0.53 
Less than $20,000 280 2.50  3.56 
DMFS Incidence Limited to Posterior Teeth 
$20,000 or more 190 1.47  2.12  
0.19 
Less than $20,000 269 1.74  2.28  
DMFS Incidence Limited to Anterior Teeth 
$20,000 or more 196 0.93  2.29  
0.65 
Less than $20,000 276 0.84  2.22  
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subjects (0.84  2.22). None of the difference in DMFS incidence between high and low-
income groups was statistically significant.  
The differences in DMFS incidence among the different groups of teeth by the variables 
of the contributing conditions were assessed in Table 11. Regarding fluoride exposure 
and DMFS incidence, being exposed to fluoride either through water fluoridation or 
fluoridated toothpaste or fluoride mouthwash seemed to increase the DMFS incidence 
across the three groups of teeth except for the use of fluoridated mouthwash in anterior 
teeth. Again, this trend is irrational and questions the accuracy of recording these 
variables. 
Consumption of sugary foods or drinks seemed to be unrelated to caries in most of the 
variables. DMFS incidence in the group of subjects with higher consumption of sugar, 
candy, and desserts (excluding sugar-sweetened beverages) defined as 4 or more 
servings/day was lower in all teeth (2.39  3.32) and in posterior teeth (1.61  2.07) 
compared to lower consumption group defined as less than 4 servings/day in all teeth 
(2.43  3.58) and in posterior teeth (1.63  2.28). None of the two differences was 
statistically significant. On the contrary, DMFS incidence in anterior teeth in subjects 
who consumed 4 or more servings/day of sugar, candy and desserts was higher (0.92  
2.34) than subjects who consumed less than four servings/day (0.90 2.29) with a p-value 
of 0.93. Higher consumption of real fruit juice consistently resulted in lower DMFS 
incidence among the three groups of teeth. Consumption of 2 or more servings/day of 
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real fruit juice was considered high while consuming less than two servings/day was 
found to be low. High real fruit consumption group had 1.54  2.09 mean DMFS 
incidence on all teeth and 0.95  1.65 on posterior teeth which were less than low 
consumption group who had 2.50  2.17 mean DMFS incidence on all teeth and 1.69  
2.28 on posterior teeth/ the difference was statistically significant in all teeth (p=0.01) 
and in posterior teeth (p=0.01). The mean DMFS incidence for high real fruit 
consumption group in anterior teeth was 0.56  1.07 which was lower than the low 
consumption group who had mean DMFS incidence in anterior teeth of 0.93  2.38 and 
the difference was nearly statistically significant (p=0.07). Subjects who consumed 1 or 
more sugar-sweetened beverages/day had mean DMFS incidence of 2.00  2.55 on all 
teeth compared to 2.46  3.60 mean DMFS for subjects who consumed less than one 
serving of sugar-sweetened beverage per day (p=0.30). Subjects who consumed 1 or 
more sugar-sweetened beverages/day had mean DMFS incidence of 1.58  1.93 on 
posterior teeth compared to 1.63  2.27 mean DMFS for subjects who consumed less 
than one serving of sugar-sweetened beverage per day (p=0.93). Subjects who consumed 
1 or more sugar-sweetened beverages/day had mean DMFS incidence of 0.58  1.32 on 
anterior teeth compared to 0.93  2.36 mean DMFS for subjects who consumed less than 
one serving of sugar-sweetened beverage per day (p=0.14).  
Having at least one prophy visit in the past year decreased the incidence of DMFS 
without a statistically significant difference. However, visiting the dentist at least once in  
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Table 11: Distribution of DMFS Incidence by the Contributing Conditions (Fluoride 
Exposure) Variables among the Study Subjects Stratified by Groups of Teeth. 
Contributing Conditions 
(Fluoride Exposure) 
n Mean  SD p-value 
Ever exposed to 
water fluoridation 
 
DMFS incidence of All Teeth 
Yes 367 2.57  3.83 
0.03 
No 123 1.93  2.37 
DMFS Incidence Limited to Posterior Teeth 
Yes 354 1.70  2.39 
0.10 
No 116 1.37  1.68 
DMFS Incidence Limited to Anterior Teeth 
Yes 362 0.99  2.53 
0.02 
No 122 0.57  1.34 
 
Uses fluoridated 
toothpaste 
 
DMFS incidence of All Teeth 
Yes 459 2.50  3.60 
0.03 
No or do not know 34 1.53  2.38 
DMFS Incidence Limited to Posterior Teeth 
Yes 441 1.66  2.26 
0.29 
No or do not know 32 1.22  2.08 
DMFS Incidence Limited to Anterior Teeth 
Yes 453 0.94  2.37 
0.0013 
No or do not know 43 0.35  0.81 
 
Uses fluoride 
mouthwash 
DMFS incidence of All Teeth 
Yes 25 3.04  3.32 
0.38 
No 468 2.40  3.55 
DMFS Incidence Limited to Posterior Teeth 
Yes 23 2.30  2.22 
0.098 
No 450 1.59  2.24 
DMFS Incidence Limited to Anterior Teeth 
Yes 25 0.88  1.94 
0.96 
No 462 0.90  2.32 
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Table 11 (continued): Distribution of DMFS Incidence by the Contributing 
Conditions (Sugary Foods or Drinks) Variables among the Study Subjects Stratified 
by Groups of Teeth. 
Contributing Conditions 
(Sugary Foods or Drinks) 
n Mean  SD p-value 
Sugar, candy, and 
desserts 
(excluding sugar-
sweetened 
beverages) 
 
DMFS incidence of All Teeth 
4 or more servings/day 99 2.39  3.32 
0.92 
Less than 4 servings/day 396 2.43  3.58 
DMFS Incidence Limited to Posterior Teeth 
4 or more servings/day 95 1.61  2.07 
0.83 
Less than 4 servings/day 380 1.63  2.28 
DMFS Incidence Limited to Anterior Teeth 
4 or more servings/day 97 0.92  2.34 
0.93 
Less than 4 servings/day 392 0.90  2.29 
 
Real fruit juice 
 
DMFS incidence of All Teeth 
2 or more servings/day 41 1.54  2.09 
0.01 
Less than 2 servings/day 454 2.50 2.17 
DMFS Incidence Limited to Posterior Teeth 
2 or more servings/day 40 0.95  1.65 
0.01 
Less than 2 servings/day 435 1.69  2.28 
DMFS Incidence Limited to Anterior Teeth 
2 or more servings/day 41 0.56  1.07 
0.07 
Less than 2 servings/day 448 0.93  2.38 
Sugar sweetened 
beverages 
DMFS incidence of All Teeth 
1 or more serving/day 40 2.00  2.55 
0.30 
Less than one serving/day 455 2.46  3.60 
DMFS Incidence Limited to Posterior Teeth 
1 or more serving/day 38 1.58  1.93 
0.93 
Less than one serving/day 437 1.63  2.27 
DMFS Incidence Limited to Anterior Teeth 
1 or more serving/day 40 0.58  1.32 
0.14 
Less than one serving/day 449 0.93  2.36 
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Table 11 (continued): Distribution of DMFS Incidence by the Contributing 
Conditions (Dental Home) Variables among the Study Subjects Stratified by Groups 
of Teeth. 
Contributing Conditions 
(Dental Home) 
n Mean  SD p-value 
Prophy visits 
in the past 
year 
DMFS incidence of all Teeth 
Yes 386 2.35  3.24 
0.41 
No 107 2.73  4.44 
DMFS Incidence Limited to Posterior Teeth 
Yes 373 1.59  2.12 
0.59 
No 100 1.75  2.66 
DMFS Incidence Limited to Anterior Teeth 
Yes 380 0.85  2.14 
0.43 
No 107 1.08  2.81 
Dental 
treatment 
visits in the 
past year 
DMFS incidence of All Teeth 
Yes 261 2.82  4.18 
0.007 
No 232 1.99  2.56 
DMFS Incidence Limited to Posterior Teeth 
Yes 247 1.86  2.51 
0.02 
No 226 1.37  1.89 
DMFS Incidence Limited to Anterior Teeth 
Yes 258 1.15  2.79 
0.009 
No 229 0.62  1.54 
 
the past year for dental treatment indicated a statistically significant increase in DMFS 
incidence. Those who had prophy cleaning at the dentist office in the previous year had 
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mean DMFS incidence of 2.35  3.24 on all teeth, 1.59  2.12 on posterior teeth, and 
0.85  2.14 on anterior teeth. Those who did not have any prophy visit in the past year 
had mean DMFS incidence of 2.73  4.44 on all teeth, 1.75  2.66 on posterior teeth, and 
1.08  2.81 on anterior teeth. Subjects who had a dental treatment visit in the past year 
had on average 2.63  3.04 DMFS between baseline and follow-up compared to subjects 
who did not have any dental treatment visit in the previous year (1.99  2.82) (p=0.007). 
On posterior teeth, subjects with dental treatment visit in the past year had 1.86  2.51 
DMFS while subjects who did not have any dental treatment visit had 13.37  1.89 
DMFS (p=0.02). On anterior teeth, subjects who visited the dentist for treatment in the 
past year had about twice the DMFS incidence (1.15  2.79) of subjects who did not have 
any dental treatment visit in the past year (0.62  1.54) and the difference was statistically 
significant (p=0.009). 
The differences in DMFS incidence among the three groups of teeth by variables of the 
general health conditions were examined in Table 12. The twenty-three subjects who 
reported have a condition that requires them to need help with oral care had significantly 
less DMFS incidence (p=<0.0001) on anterior teeth (0.22  0.60) than subjects who did 
not have those conditions (0.93  2.34). The differences were not statistically significant 
posterior or all teeth. Being treated with three or more medications that reduce salivary  
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Table 12: Distribution of DMFS Incidence by the General Health Conditions 
Variables among the Study Subjects Stratified by Groups of Teeth. 
General Health Condition n Mean  SD p-value 
Conditions 
requiring help 
with oral care 
DMFS incidence of All Teeth 
Yes 23 1.74  2.36 
0.18 
No 472 2.46  2.36 
DMFS Incidence Limited to Posterior Teeth 
Yes 21 1.62  2.42 
0.99 
No 454 1.62  2.23 
DMFS Incidence Limited to Anterior Teeth 
Yes 23 0.22  0.60 
<0.0001 
No 466 0.93  2.34 
 
 
 
Medication that 
reduce salivary 
flow 
 
 
DMFS incidence of All Teeth 
3 or more medications 145 2.55  3.11 
0.58 
Less than 3 medications 350 2.37  3.69 
DMFS Incidence Limited to Posterior Teeth 
3 or more medications 140 1.64  1.91 
0.93 
Less than 3 medications 335 1.62  2.37 
DMFS Incidence Limited to Anterior Teeth 
3 or more medications 142 0.99  2.28 
0.57 
Less than 3 medications 347 0.86  2.27 
 
 
 
Alcohol 
consumption in 
gm/day 
 
 
DMFS incidence of All Teeth 
42 gm or more /day 30 2.67  3.72 
0.70 
Less than 42 gm /day 465 2.41  3.52 
DMFS Incidence Limited to Posterior Teeth 
42 gm or more /day 29 1.76  2.71 
0.74 
Less than 42 gm /day 446 1.61  2.21 
DMFS Incidence Limited to Anterior Teeth 
42 gm or more /day 30 1.00  2.63 
0.81 
Less than 42 gm /day 459 0.89  2.28 
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flow increased the DMFS incidence non-significantly. The mean DMFS incidence for 
subjects who used 3 or more salivary reducing medications was 2.55  3.11 and it was 
2.37  3.69 for those who used less than three medications. The thirty subjects who were 
considered alcoholic because they consumed 42 gm of alcohol /day had non-significantly 
higher mean DMFS incidence than non-alcoholics. Alcoholics had 2.67  3.72 mean 
DMFS increment compared to non-alcoholics who had 2.41  3.52 (p=0.70). On their 
posterior teeth, alcoholics had 1.76  2.71 mean DMFS while non-alcoholics had had 
1.61  2.21 mean DMFS increment (p=0.74). Alcoholics had 1.00  2.63 mean DMFS 
incidence on their anterior teeth compared to 0.89  2.28 mean DMFS for non-alcoholics 
on their anterior teeth (p=0.81).  
The differences in DMFS by clinical conditions variables among the groups of teeth are 
shown in Table 13. DMFS incidence increased significantly with increasing number of 
lesions in the past 36 months. Subjects with no carious lesion in the past 36 months had 
mean DMFS of 1.74  0.30 while subjects who had 1 or 2 carious surfaces in the past 36 
months had 2.19  0.28 mean DMFS and those who had three or more carious or missing 
surfaces in the past 36 months had on average 3.09  0.25 mean DMFS increment 
(p=0.0015). After limiting the incidence to posterior teeth, the mean DMFS was 1.35  
0.20, 1.51  0.18, and 1.91  0.16 respectively for those who had no carious lesions, 
those had 1 or 2 carious surfaces, and those who had 3 or more carious or missing 
surfaces in the past 36 months (p=0.068). Mean DMFS incidence on anterior teeth was 
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0.50  0.20 for those with no lesion in the past 36 months, 0.71  0.18 for those with 1 or 
2 carious surfaces in the past 36 months, and 1.33 0.16 for those with 3 or more carious 
or missing surfaces in the past 36 months (p=0.0025). The number of teeth with a visible 
plaque weakly correlated with the increment of carious lesions. Subjects who had six or 
more teeth with visible plaque had more DMFS incidence on all teeth (2.57  3.15) and 
on anterior teeth (1.39  2.92) than subjects who had plaque on less than six teeth (2.36  
3.46 and 0.84  2.321 respectively). However, those who had plaque on six or more 
posterior teeth had less DMFS incidence (1.60  2.29) than those who had plaque on less 
than six teeth (1.63  2.24). None of the differences were statistically significant. The 
number of interproximal restorations was also consistently related to DMFS incidence 
except for anterior teeth. Those who had eight or more teeth with interproximal 
restorations had 2.57  3.15 DMFS incidence compared to 2.25  3.95 for those with less 
than eight teeth with interproximal restorations (p=0.33). Subjects who had eight or more 
posterior teeth with interproximal restorations had more DMFS incidence (1.80  2.20) 
than those with less than eight posterior teeth with interproximal restorations (p=0.049). 
When it came to anterior teeth, those with eight or more anterior teeth with interproximal 
restorations had less DMFS incidence (0.81  1.88) than those with less than eight 
anterior teeth (1.00  2.73) with interproximal restorations (p=0.35).  
DMFS incidence increased significantly with increasing number of posterior teeth with 
gingival recession. Having 14 or more teeth with gingival recession resulted on average 
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of 2.63  3.61 DMFS on all teeth compared to 1.67  3.13 DMFS for having less than 14 
teeth with the recession (p=0.01). Subjects with 14 or more posterior teeth with gingival 
recession had a mean DMFS of 1.79  2.35 while those who had less than 14 teeth with 
gingival recession had 0.96  1.55 mean DMFS incidence (p<0.0001). On anterior teeth, 
having 14 or more anterior teeth with gingival recession resulted in mean DMFS 
incidence of 0.88 which was less than the mean DMFS (0.97  2.62) for those having less 
than 14 teeth with gingival recession. Subjects with one or more tooth with overhanging 
restoration had slightly and non-significantly more DMFS incidence compared to 
subjects with no restoration with overhangs. The mean DMFS of subjects with one or 
more overhanging restoration on all teeth (2.58  3.45), on posterior teeth (1.68  2.317), 
and on anterior teeth (0.99  2.47) was higher than mean DMFS incidence of subjects 
with no overhanging restorations (2.35  3.57, 1.60  2.28, and 0.86  2.21 respectively). 
Subjects with dry mouth also had higher means of DMFS incidence. The mean DMFS on 
all teeth, posterior teeth, and on anterior teeth for subjects with xerostomia was 3.48  
5.35, 1.94  2.67, and 1.88  4.01 respectively while subjects with no xerostomia had 
mean DMFS of 2.34  3.36, 1.60  2.21, 0.83  2.12 respectively.
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Table 13: Distribution of DMFS Incidence by the Clinical Conditions Variables 
(Cavitated or Non-Cavitated Lesions or Restorations in the Last 36 Months, Visible 
Plaque, and Interproximal Restorations) among the Study Subjects Stratified by 
Groups of Teeth. 
Cavitated or Non-Cavitated Lesions or 
Restorations in the Last 36 Months 
n Mean  SD p-value 
 
DMFS 
incidence in 
the past 36 
months 
DMFS incidence of All Teeth 
No new lesions or restorations 
495 
1.74  0.30  
0.0015 
 
1 or 2 new lesions or restoration 2.19  0.28 
3 or more lesions or restoration 3.09  0.25 
DMFS Incidence Limited to Posterior Teeth 
No new lesions or restorations 
475 
1.35  0.20 
0.068 
 
1 or 2 new lesions or restoration 1.51  0.18 
3 or more lesions or restoration 1.91  0.16 
DMFS Incidence Limited to Anterior Teeth 
No new lesions or restorations 
489 
0.50  0.20 
0.0025 
 
1 or 2 new lesions or restoration 0.71  0.18 
3 or more lesions or restoration 1.33  0.16 
 
Visible Plaque 
DMFS incidence of All Teeth 
Six or more teeth 51 2.96  4.09 0.25 
 Less than six teeth 444 2.36  3.46 
DMFS Incidence Limited to Posterior Teeth 
Six or more teeth 50 1.60  2.29 
0.94 
Less than six teeth 425 1.63  2.24 
DMFS Incidence Limited to Anterior Teeth 
Six or more teeth 51 1.39  2.92 
0.20 
Less than six teeth 438 0.84  2.21 
Teeth with 
interproximal 
restorations 
DMFS incidence of All Teeth 
Eight or more teeth 272 2.57  3.15 
0.33 
Less than 8 teeth 223 2.25  3.95 
DMFS Incidence Limited to Posterior Teeth 
Eight or more teeth 272 1.80  2.20 
0.049 
Less than 8 teeth 203 1.40  2.28 
DMFS Incidence Limited to Anterior Teeth 
Eight or more teeth 272 0.81  1.88 
0.35 
Less than 8 teeth 217 1.00  2.73 
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Table 13 (continued): Distribution of DMFS Incidence by the Clinical Conditions 
Variables (Interproximal Restorations, Exposed Roots, and xerostomia) among the 
Study Subjects Stratified by Groups of Teeth. 
Clinical Conditions Variables n Mean  SD p-value 
 
Teeth with 
overhanging 
restorations 
DMFS incidence of All Teeth 
One or more teeth 156 2.58  3.45 
0.51 
No 339 2.35  3.57 
DMFS Incidence Limited to Posterior Teeth 
One or more teeth 155 1.68  2.17 
0.71 
No 320 1.60  2.28 
DMFS Incidence Limited to Anterior Teeth 
One or more teeth 154 0.99  2.47 
0.57 
No 335 0.86  2.21 
 
Teeth with 
recession 
DMFS incidence of All Teeth 
Fourteen or more teeth 388 2.63  3.61 
0.01 
Less than 14 teeth 107 1.67  3.13 
DMFS Incidence Limited to Posterior Teeth 
Fourteen or more teeth 382 1.79  2.35 
<0.0001 
Less than 14 teeth 93 0.96  1.55 
DMFS Incidence Limited to Anterior Teeth 
Fourteen or more teeth 385 0.88  2.21 
0.75 
Less than 14 teeth 104 0.97  2.62 
 
Saliva 
Quality/Quantity 
DMFS incidence of All Teeth 
Yes (limited or ropey) 33 3.48  5.35 
0.24 
No (copious) 462 2.35  3.36 
DMFS Incidence Limited to Posterior Teeth 
Yes (limited or ropey) 31 1.94  2.67 
0.42 
No (copious) 444 1.60  2.21 
DMFS Incidence Limited to Anterior Teeth 
Yes (limited or ropey) 32 1.88  4.01 0.15 
 No (copious) 457 0.83  2.12 
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DMFS Incidence in Fissured Surfaces, Proximal Surfaces, and Facial and Lingual 
Surfaces by the General and Local Caries Risk Factors: 
The difference in distribution of DMFS incidence among the groups of surfaces by the 
baseline demographic characteristics are shown in Table 14. DMFS incidence on fissured 
and facial and lingual surfaces did not differ significantly in subjects 65 years or older 
(0.33  00.59 and 1.21  1,89 respectively) from subjects who were younger than 65 
years old (0.33  0.63 and 1.12 1.65 respectively). There was a significant difference in 
DMFS incidence on proximal surfaces between subjects 65 years or older (0.93  1.66) 
and subjects younger than 65 years old (0.63  1.05) with a p-value of 0.01. The 
education level of the subjects did not affect the DMFS incidence on the different types 
of surfaces. Subjects with college or some college education had 0.33  0.60 mean 
DMFS incidence on fissured surfaces while those with high school or less had 0.32  
0.61 (p=0.83). On proximal surfaces, subjects with college or some college education had 
0.72  1,36 mean DMFS compared to 0.99  1.60 for subjects with high school education 
or less. Subjects with college or some college education had slightly less DMFS 
incidence (1.16  1.78) on facial and lingual surfaces than subjects with high school or 
less education (1.20  1.82). Although DMFS incidence on surfaces was slightly higher 
for lower income subjects, the difference was not statistically significant. Subjects with 
income of $20,000 or more had DMFS incidence on fissured, proximal, and facial and 
lingual surfaces of 0.28  0.55,  
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Table 14: Distribution of DMFS Incidence by Demographic Characteristics among 
the Study Subjects Stratified by Groups of Surfaces. 
Demographics n 
Mean  SD 
or 
r=correlation 
coefficient  
p-
value 
 
Age 
DMFS Incidence Limited to Fissured surfaces 
65 y or older 225 0.33  0.59 
0.98 
Younger than 65 y 168 0.33  0.63 
DMFS Incidence Limited to Proximal Surfaces 
65 y or older 277 0.93  1.66 
0.01 
Younger than 65 y 212 0.63  1.05 
DMFS Incidence Limited to Facial and Lingual surfaces 
65 y or older 280 1.21  1.89 
0.58 
Younger than 65 y 213 1.12  1.65 
Number of 
Teeth 
DMFS Incidence (Fissured surfaces) 393 r=0.07 0.16 
DMFS Incidence (Posterior Teeth) 489 r=0.006 0.90 
DMFS Incidence (Anterior Teeth) 493 r=0.03 0.49 
 
Education 
DMFS Incidence Limited to Fissured surfaces 
College or some college 289 0.33  0.60 
0.83 
High school or less 104 0.32  0.61 
DMFS Incidence Limited to Proximal Surfaces 
College or some college 358 0.72  1.36 
0.088 
High school or less 131 0.99  1.66 
DMFS Incidence Limited to Facial and Lingual surfaces 
College or some college 362 1.16  1.78 
0.82 
High school or less 131 1.20  1.82 
 
SES 
 
 
DMFS Incidence Limited to Fissured surfaces 
$20,000 or more 148 0.28  0.55 
0.18 
Less than $20,000 232 0.37  0.64 
DMFS Incidence Limited to Proximal Surfaces 
$20,000 or more 196 0.77  1.40 
0.79 
Less than $20,000 277 0.81  1.44 
DMFS Incidence Limited to Facial and Lingual surfaces 
$20,000 or more 197 1.08  1.67 
0.43 
Less than $20,000 280 1.21  1.80 
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0.77  1.40, and 1.08  1.67 respectively while subjects with income less than $20,000 
had 0.37  0.64, 0.81  1.44, and 1.21  1.80 mean DMFS respectively.  
The differences in DMFS incidence among the groups of surfaces by the variables of the 
contributing conditions are displayed in Table 15. As seen in the bivariate analysis of 
teeth groups, fluoride exposure seemed to increase the susceptibility to caries among the 
subjects. Subjects who reported being ever exposed to water fluoridation had mean 
DMFS of 0.35  0.61 on fissured surfaces, 0.86  1.57 on proximal surfaces, and 1.21  
1.87 on facial and lingual surfaces compared to those who reported never been exposed 
to fluoride who had mean DMFS incidence of 0.26  0.58 on fissured surfaces, 0.59  
0.92 on proximal surfaces, and 1.02  1.82 on facial and lingual surfaces (p=0.22 for 
fissured surfaces, p=0.02 for proximal surfaces, and p=0.25 for facial and lingual 
surfaces). Subjects who reported using fluoridated toothpaste had mean DMFS incidence 
of 0.34  0.61 on fissured surfaces, 0.81  1.46 on proximal surfaces, and 1.21  1.82 on 
facial and lingual surfaces compared to those who did not use fluoridated toothpaste or 
did not know if the toothpaste they are using was fluoridated or not who had mean DMFS 
of 0.26  0.53 on fissured surfaces, 0.68  0.98 on proximal surfaces, and 0.62  1.12 on 
facial and lingual surfaces (p=0.53 for fissured surfaces, p=0.47 for proximal surfaces, 
and p=0.01 for facial and lingual surfaces). Those who used fluoride mouthwash had 
mean DMFS of 0.52  0.81 on fissured surfaces, 1.16  1.75 on proximal surfaces, and 
1.12  1.27 on facial  
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Table 15: Distribution of DMFS Incidence by the Contributing Conditions (Fluoride 
Exposure) Variables among the Study Subjects Stratified by Groups of Surfaces. 
Contributing Conditions 
(Fluoride Exposure) 
n Mean  SD p-value 
Ever exposed to 
water fluoridation 
 
DMFS Incidence Limited to Fissured surfaces 
Yes 293 0.35  0.61 
0.22 
No 96 0.26  0.58 
DMFS Incidence Limited to Proximal Surfaces 
Yes 362 0.86  1.57 
0.02 
No 122 0.59  0.92 
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes 365 1.21  1.87 
0.25 
No 123 1.02  1.48 
 
Uses fluoridated 
toothpaste 
 
DMFS Incidence Limited to Fissured surfaces 
Yes 364 0.34  0.61 
0.53 
No or do not know 27 0.26  0.53 
DMFS Incidence Limited to Proximal Surfaces 
Yes 453 0.81  1.46 
0.47 
No or do not know 34 0.68  0.98 
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes 457 1.21  1.82 
0.01 
No or do not know 34 0.62  1.12 
 
Uses fluoride 
mouthwash 
DMFS Incidence Limited to Fissured surfaces 
Yes 21 0.52  0.81 
0.27 
No 370 0.32  0.59 
DMFS Incidence Limited to Proximal Surfaces 
Yes 25 1.16  1.75 
0.29 
No 462 0.78  1.42 
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes 25 1.12  1.27 
0.85 
No 466 1.17  1.82 
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Table 15 (continued): Distribution of DMFS Incidence by the Contributing 
Conditions (Sugary Foods or Drinks) Variables among the Study Subjects Stratified 
by Groups of Surfaces. 
Contributing Conditions 
(Sugary Foods or Drinks) 
n Mean  SD p-value 
Sugar, candy, and 
desserts 
(excluding sugar-
sweetened 
beverages) 
 
DMFS Incidence Limited to Fissured surfaces 
4 or more servings/day 72 0.19  0.43 
0.009 
Less than 4 servings/day 321 0.36  0.63 
DMFS Incidence Limited to Proximal Surfaces 
4 or more servings/day 96 0.77  1.29 
0.85 
Less than 4 servings/day 393 0.80  1.47 
DMFS Incidence Limited to Facial and Lingual surfaces 
4 or more servings/day 99 1.26  1.72 
0.56 
Less than 4 servings/day 394 1.14  1.81 
 
Real fruit juice 
 
DMFS Incidence Limited to Fissured surfaces 
2 or more servings/day 31 0.16  0.45 
0.045 
Less than 2 servings/day 362 0.34  0.61 
DMFS Incidence Limited to Proximal Surfaces 
2 or more servings/day 41 0.46  0.74 
0.009 
Less than 2 servings/day 448 0.83  1.48 
DMFS Incidence Limited to Facial and Lingual surfaces 
2 or more servings/day 41 0.88  1.38 
0.18 
Less than 2 servings/day 452 1.19  1.82 
 
Sugar sweetened 
beverages 
DMFS Incidence Limited to Fissured surfaces 
1 or more serving/day 29 0.28  0.53 
0.63 
Less than one serving/day 364 0.33  0.61 
DMFS Incidence Limited to Proximal Surfaces 
1 or more serving/day 40 0.68  0.97 
0.44 
Less than one serving/day 449 0.81  1.47 
DMFS Incidence Limited to Facial and Lingual surfaces 
1 or more serving/day 40 1.03  1.49 
0.60 
Less than one serving/day 453 1.18  1.82 
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Table 15 (continued): Distribution of DMFS Incidence by the Contributing 
Conditions (Dental Home) Variables among the Study Subjects Stratified by Groups 
of Surfaces. 
Contributing Conditions 
(Dental Home) 
n Mean  SD p-value 
 
Prophy visits 
in the past 
year 
DMFS Incidence Limited to Fissured surfaces 
Yes 308 0.31  0.57  
0.17 
No 83 0.42  0.72 
DMFS Incidence Limited to Proximal Surfaces 
Yes 382 0.75  1.27 
0.27 
No 106 0.97  1.92 
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes 385 1.16  1.75 
0.80 
No 106 1.21  1.97 
 
Dental 
treatment 
visits in the 
past year 
DMFS Incidence Limited to Fissured surfaces 
Yes 199 0.35  0.62 
0.58 
No 192 0.31  0.58 
DMFS Incidence Limited to Proximal Surfaces 
Yes 258 0.91  1.65 
0.07 
No 229 0.68  1.14 
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes 260 1.39  2.11 
0.003 
No 231 0.92  1.31 
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and lingual surfaces compared to those who did not use fluoridated mouthwash who had 
mean DMFS incidence of 0.32  0.59 on fissured surfaces, 0.78  1.42 on proximal 
surfaces, and 1.17  1.82 on facial and lingual surfaces (p=0.27 on fissured surfaces, 
p=0.29 on proximal surfaces, and 0.83 on facial and lingual surfaces).   
Regarding the consumption of sugary foods or drinks, an inverse relationship was seen 
with DMFS incidence. The differences were significant on fissured surfaces when 
considering consumption of real fruit juice or sugar, candy and desserts (excluding sugar-
sweetened beverages). The difference in DMFS incidence was also significant on 
proximal surfaces between subjects who consumed 2 or more servings/day of real fruit 
juice (0.46  0.74) and those who consumed less than two servings/day (0.83  1.48) 
with a p-value=0.009.  
Visiting the dentist for prophy cleaning or for dental treatment did not significantly affect 
the DMFS incidence except on facial and lingual surface for those who had a at least one 
dental treatment visit who had higher mean DMFS incidence (1.39  2.11) than those 
who did not have any dental treatment visit I the past year (0.92  1.31) with a p-value of 
0.003.  
The differences in DMFS incidence by the general health conditions among the three 
groups of surfaces are displayed in Table 16. Having a condition that would require the  
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Table 16: Distribution of DMFS Incidence by the General Health Conditions 
Variables among the Study Subjects Stratified by Groups of Surfaces. 
General Health Condition n Mean  SD p-value 
Conditions 
requiring help 
with oral care 
DMFS Incidence Limited to Fissured surfaces 
Yes 17 0.35  0.60 
0.86 
No 376 0.33  0.60 
DMFS Incidence Limited to Proximal Surfaces 
Yes 23 0.61  0.84 
0.30 
No 466 0.80  1.46  
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes 23 0.74  1.32 
0.13 
No 470 1.81  0.8 
 
Medication that 
reduce salivary 
flow 
 
 
DMFS Incidence Limited to Fissured surfaces 
3 or more medications 115 0.32  0.54 
0.89 
Less than 3 medications 278 0.33  0.63 
DMFS Incidence Limited to Proximal Surfaces 
3 or more medications 144 0.88  1.37 
0.43 
Less than 3 medications 345 0.76  1.46 
DMFS Incidence Limited to Facial and Lingual surfaces 
3 or more medications 145 1.18  1.62 
0.93 
Less than 3 medications 348 1.16  1.86 
 
Alcohol 
consumption in 
gm/day 
 
 
DMFS Incidence Limited to Fissured surfaces 
42 gm or more /day 22 0.50  0.80 
0.31 
Less than 42 gm /day 371 0.32  0.59 
DMFS Incidence Limited to Proximal Surfaces 
42 gm or more /day 30 0.87  1.53 
0.78 
Less than 42 gm /day 459 0.79  1.43 
DMFS Incidence Limited to Facial and Lingual surfaces 
42 gm or more /day 30 1.20  1.69 
0.92 
Less than 42 gm /day 463 1.17  1.80 
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subjects to need help with oral care slightly decreased the incidence of DMFS on 
proximal, facial and lingual surfaces but it did not lead to any noticeable change on the 
fissured surfaces. Neither the number of medication that reduces salivary flow nor the 
consumption of 42 gm of alcohol per day had an unmentionable effect on the DMFS 
incidence across the three groups of surfaces.  
The effects of the clinical conditions variables on the DMFS incidence among the groups 
of surfaces were evaluated in Table 17. A trend of increasing DMFS incidence was seen 
with increasing number of carious lesions in the past 36 months. Although the mean 
DMFS on fissured surfaces increased from 0.26  0.06 for those who had no new lesions 
in the past 36 months to 0.34  0.05 and 0.36  0.05 for those who had 1 or 2 carious 
surfaces and those who had 3 or more carious or missing surfaces in the past 36 months 
respectively, the difference was not significant (p=0.35). However, the trend of increasing 
DMFS incidence with increasing number of DMFS in the past 36 months was statistically 
significant on proximal surfaces (p=0.0015) and facial and lingual surfaces (p=0.03). 
Having six or more teeth with visible plaque almost doubled the mean DMFS incidence 
on proximal surfaces (0.76  1.41 for those with less than six teeth with visible plaque 
and 1.12  1.61 for those with more than six teeth with visible plaque) but the difference 
was not statistically significant (p=0.09). The mean DMFS incidence of fissured and 
proximal surfaces did not vary with the number of teeth with interproximal restorations. 
The mean DFMS incidence did vary, however with the number of teeth with 
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interproximal restoration on facial and lingual surfaces. Subjects with less than eight 
teeth with interproximal restoration had a mean DMFS incidence of 0.96  1.80 on facial 
and lingual surfaces while those with 8 or more teeth with interproximal restoration had 
1.33  1.77 mean DMFS incidence (p=0.02).  
An increasing number of teeth with recession increased the mean DMFS incidence on all 
groups of surfaces. Subjects with 14 or more teeth with recession had 0.35  0.62 mean 
DFS incidence on fissured surfaces compared to those with less than 14 teeth with the 
gingival recession (p=0.01). Similarly, subjects with 14 or more teeth with gingival 
recession had 1.28  1.84 mean DMFS incidence on facial and lingual surfaces compared 
to 0.85  1.53 for those who had less than 14 teeth with the gingival recession (p=0.003). 
Having one or more tooth with overhanging restoration did not have an effect on mean 
DMFS incidence. Xerostomia had an almost significant increase in DMFS incidence on 
facial and lingual surfaces whereas it was 2.00  2.78 for those with limited or ropey 
saliva and 1.11 1.69 for those with copious saliva (p=0.078). 
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Table 17: Distribution of DMFS Incidence by Clinical Conditions Variables (Carious 
Lesions or Restorations in the Last 36 Months, Visible Plaque, and Interproximal 
Restorations) among Study Subjects Stratified by Groups of Surfaces. 
Cavitated or Non-Cavitated Lesions or 
Restorations in the Last 36 Months 
n Mean  SD p-value 
 
DMFS 
incidence in 
the past 36 
months 
DMFS Incidence Limited to Fissured surfaces 
No new lesions or restorations 
393 
0.26  0.06 
 
0.35 
1 or 2 new lesions or restoration 0.34  0.05 
3 or more lesions or restoration 0.36  0.05 
DMFS Incidence Limited to Proximal Surfaces 
No new lesions or restorations 
489 
0.56  0.12 
 
0.35 
1 or 2 new lesions or restoration 0.65  0.11 
3 or more lesions or restoration 1.08  0.10 
DMFS Incidence Limited to Facial and Lingual surfaces 
No new lesions or restorations 
493 
0.91  0.15 
 
0.03 
1 or 2 new lesions or restoration 1.09  0.14 
3 or more lesions or restoration 1.41  0.13 
 
Visible Plaque 
DMFS Incidence Limited to Fissured surfaces 
Six or more teeth 42 0.26  0.54 
0.41 
Less than six teeth 351 0.34  0.61 
DMFS Incidence Limited to Proximal Surfaces 
Six or more teeth 51 1.12  1.61 
0.09 
Less than six teeth 438 0.76  1.41 
DMFS Incidence Limited to Facial and Lingual surfaces 
Six or more teeth 51 1.27  1.94 
0.66 
Less than six teeth 442 1.16  1.78 
Teeth with 
interproximal 
restorations 
DMFS Incidence Limited to Fissured surfaces 
Eight or more teeth 243 0.33  0.60 
0.90 
Less than 8 teeth 150 0.33  0.61 
DMFS Incidence Limited to Proximal Surfaces 
Eight or more teeth 272 0.73  1.17 
0.29 
Less than 8 teeth 217 0.88  1.71 
DMFS Incidence Limited to Facial and Lingual surfaces 
Eight or more teeth 272 1.33  1.77 
0.02 
Less than 8 teeth 221 0.96  1.80 
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Table 17 (continued): Distribution of DMFS Incidence by the Clinical Conditions 
Variables (Interproximal Restorations, Exposed Roots, and xerostomia) among the 
Study Subjects Stratified by Groups of Surfaces. 
Clinical Conditions Variables n Mean  SD p-value 
 
Teeth with 
overhanging 
restorations 
DMFS Incidence Limited to Fissured surfaces 
One or more teeth 137 0.30  0.53 
0.46 
No 256 0.34  0.64 
DMFS Incidence Limited to Proximal Surfaces 
One or more teeth 156 0.79  1.33 
0.94 
No 333 0.80  1.48 
DMFS Incidence Limited to Facial and Lingual surfaces 
One or more teeth 156 1.24  1.81 
0.53 
No 337 1.13  1.78 
 
Teeth with 
recession 
DMFS Incidence Limited to Fissured surfaces 
Fourteen or more teeth 337 0.35  0.62 
0.01 
Less than 14 teeth 56 0.18  0.61 
DMFS Incidence Limited to Proximal Surfaces 
Fourteen or more teeth 358 0.83  1.45 
0.26 
Less than 14 teeth 104 0.65  1.37 
DMFS Incidence Limited to Facial and Lingual surfaces 
Fourteen or more teeth 387 1.28  1.84 
0.003 
Less than 14 teeth 106 0.85  1.53 
 
Saliva 
Quality/Quantity 
DMFS Incidence Limited to Fissured surfaces 
Yes (limited or ropey) 21 0.24  0.55 
0.35 
No (copious) 372 0.33  0.61 
DMFS Incidence Limited to Proximal Surfaces 
Yes (limited or ropey) 33 0.94  1.82 
0.64 
No (copious) 456 0.79  1.40 
DMFS Incidence Limited to Facial and Lingual surfaces 
Yes (limited or ropey) 33 2.00  2.78 0.078 
No (copious) 460 1.11  1.69  
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Symmetry of DMFT and DMFS (prevalence and incidence) on the population level: 
The differences in subjects’ means of DMFT and DMFS when comparing the right and 
left sides are shown in Table 18. The symmetry of right and left caries prevalence and 
incidence measured by DMFT and DMFS on the population level was evident among all 
the groups of teeth and surfaces since the means were very similar and none of the p-
values were statistically significant at the 0.05 level. The prevalence of DMFS of all teeth 
on the right side was 38.38  14.13 compared to 38.59  14.32 on the left side with a p-
value of 0.82. The DMFS incidence of all teeth on the right side was 1.20  2.13 
compared to 1.23  2.11 on the left side with a p-value of 0.83. Means of DMFT and 
DMFS prevalence or incidence did not differ between right and left side on posterior 
teeth, anterior teeth, fissured surfaces, proximal surfaces, and facial and lingual surfaces. 
Also, when examining the means of DMFT and DMFS prevalence and incidence did not 
differ between right and left sides of the maxillary arch or between the right and left sides 
of the mandibular arch in any of the groups of teeth or surfaces.  
The symmetry of DMFS prevalence and incidence between maxillary and mandibular 
arches was examined and shown in Table 19. A significant difference had been seen. For 
all teeth, maxillary arch showed higher DMFS prevalence (44.82  16.82) and incidence 
(1.37  1041) than the mandibular arch which had mean DMFS prevalence of 32.15  
13.47 and incidence of 1.06  2.40 (p=<0.0001 for the difference in prevalence  
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Table 18: Comparison of Right and Left Means of DMFT and DMFS (Prevalence 
and Incidence) on the Population Level to Assess the Caries Symmetry between 
Sides. 
 
 
Right Side Left Side p-value 
n Mean  SE n Mean  SE 
All Teeth 
DMFT 495 10.29  2.41 495 10.29  2.35 0.97 
DMFT increment 495 0.11  0.38 495 0.14  0.47 0.26 
DMFS 495 38.3814.13 495 38.5914.32 0.82 
DMFS increment 495 1.202.13 495 1.232.11 0.83 
Posterior Teeth 
DMFT 471 7.36  1.09 471 7.38  1.08 0.77 
DMFT increment 471 0.04  0.20 471 0.04  0.21 1.00 
DMFS 471 28.387.79 471 28.684.66 0.56 
DMFS increment 471 0.821.50 471 0.791.42 0.76 
Anterior Teeth 
DMFT 489 2.86  1.73 489 2.84  1.68 0.90 
DMFT increment 489 0.08  0.30 489 0.11  0.39 0.17 
DMFS 489 9.18  7.62 489 9.11  7.44 0.88 
DMFS increment 489 0.42  1.18 489 0.48  1.52 0.51 
Fissured Surfaces 
DMFS 393 9.92  1.86 393 9.91  1.93 0.96 
DMFS increment 393 0.16  0.40 393 0.17  0.45 0.56 
Proximal Surfaces 
DMFS 489 16.32  5.90 489 16.41  5.84 0.81 
DMFS increment 489 0.40  0.87 489 0.40  0.89 0.97 
Facial and Lingual Surfaces 
DMFS 493 9.93  5.82 493 10.06  6.00 0.73 
DMFS increment 493 0.58  1.12 493 0.60  1.06 0.82 
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Table 19: Comparison of Maxillary and Mandibular Means of DMFT and DMFS 
(Prevalence and Incidence) on the Population Level to Assess the Caries Symmetry 
between Arches.  
 
 
Maxillary Arch Mandibular Arch p-value 
n Mean  SE n Mean  SE 
All Teeth 
DMFT 495 8.66  2.57 495 11.92  2.57 <0.0001 
DMFT increment 495 0.14  0.50 495 0.12  0.42 0.45 
DMFS 495 44.82 16.82 495 32.1513.47 <0.0001 
DMFS increment 495 1.372.52 495 1.062.40 0.0496 
Posterior Teeth 
DMFT 471 7.13  1.22 471 7.61  1.04 <0.0001 
DMFT increment 471 0.05  0.23 471 0.03  0.18 0.12 
DMFS 471 29.778.21 471 27.298.25 <0.0001 
DMFS increment 471 0.861.57 471 0.751.45 0.24 
Anterior Teeth 
DMFT 489 1.43  1.85 489 4.27  23.01 <0.0001 
DMFT increment 489 0.09  0.41 489 0.09  0.36 0.93 
DMFS 489 14.3610.40 489 27.298.25 <0.0001 
DMFS increment 489 0.551.65 489 0.751.45 0.047 
Fissured Surfaces 
DMFS 393 9.88  2.01 393 9.95  1.95 0.63 
DMFS increment 393 0.13  0.38 393 0.20  0.47 0.039 
Proximal Surfaces 
DMFS 489 13.31  5.68 489 19.41  3.81 <0.0001 
DMFS increment 489 0.38  1.04 489 0.42  0.94 0.50 
Facial and lingual Surfaces 
DMFS 493 7.55  5.43 493 12.44  0.33 <0.0001 
DMFS increment 493 0.49  1.12 493 0.68  1.33 0.02 
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and p=0.0496 for the difference in incidence). DMFS prevalence of posterior teeth was 
higher in the maxillary arch (29.77  8.21) than in the mandibular arch (27.29  8.25) 
with p-value <0.0001 but the incidence was not statistically difference between maxillary 
and mandibular arches (p=0.24). DMFS prevalence and incidence of anterior teeth 
differed between maxillary and mandibular arches. As expected, caries in maxillary 
anterior teeth was significantly more prevalent than caries on mandibular anterior teeth. 
DMFS incidence was also higher on the maxillary anterior teeth (0.55  1.65) than 
mandibular anterior teeth (0.35  1.56) but the difference was not statistically significant 
(p=0.052). Prevalence of DMFS on fissured surfaces did not differ between maxillary 
(9.88  2.01) and mandibular (9.95  1.95) arches but the incidence was significantly 
higher on mandibular (0.20  0.47) than maxillary (0.13  0.38) fissured surfaces. The 
difference in DMFS prevalence between maxillary (13.31  5.68) and mandibular (19.41 
 3.81) proximal surfaces was statistically different (p=<0.0001) but the incidence did 
not differ significantly between the arches (p=0.50). Caries on facial and lingual surfaces 
was significantly higher in the mandibular arch than the maxillary arch.  
The right and left symmetry in the maxillary arch are assessed in Table 20. The right and 
left symmetry in the mandibular arch are evaluated in Table 21. In summary, the results 
of the tow tables confirm the right side and left side symmetry.   
The comparison of DMFS prevalence and incidence of the four quadrants shown in 
Table 22 revealed a trend that is consistent with previous comparisons of sides and 
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arches. In general, DMFS prevalence did not differ between right and left quadrants but 
differed significantly between opposing (maxillary vs. mandibular) quadrants. Caries 
prevalence was different between the quadrants when considering all teeth, posterior 
teeth, or anterior teeth. However, caries incidence was not statistically significantly 
different between the four quadrants on all teeth, posterior teeth, or anterior teeth. 
Fissured surfaces did not show much of a difference in prevalence or incidence between 
the quadrants. DMFS prevalence on right and left maxillary proximal surfaces was 
significantly higher than right and left mandibular proximal surfaces, but no significant 
difference was seen in caries incidence on proximal surfaces between the four quadrants. 
Also, DMFS prevalence on facial and lingual surfaces was significantly higher on right 
and left maxillary surfaces than right and left mandibular arches, but the incidence was 
not statistically significant.
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Table 20: Comparison of the Maxillary Right and Left Means of DMFT and DMFS 
(Prevalence and Incidence) to Assess the Caries Symmetry on the Population Level 
between the Maxillary Sides. 
Maxillary Arch 
 
Right Side Left Side p-value 
n Mean  SE n Mean  SE 
All Maxillary Teeth 
DMFT 495 5.971.38 495 5.961.38 0.89 
DMFT increment 495 0.040.23 495 0.070.33 0.12 
DMFS 495 22.328.77 495 22.518.80 0.73 
DMFS increment 495 0.671.52 495 0.701.54 0.77 
Maxillary Posterior Teeth 
DMFT 471 3.810.59 471 3.800.57 0.73 
DMFT increment 471 0.010.08 471 0.020.16 0.07 
DMFS 471 14.774.46 471 15.004.49 0.42 
DMFS increment 471 0.441.01 471 0.431.07 0.88 
Maxillary Anterior Teeth 
DMFT 489 2.131.09 489 2.131.08 1.00 
DMFT increment 489 0.040.22 489 0.050.25 0.35 
DMFS 489 7.205.49 489 7.165.41 0.92 
DMFS increment 489 0.260.90 489 0.291.03 0.53 
Maxillary Fissured Surfaces 
DMFS 393 4.961.11 393 4.991.13 0.75 
DMFS increment 393 0.090.30 393 0.110.36 0.45 
Maxillary Proximal Surfaces 
DMFS 489 9.623.62 489 9.793.57 0.47 
DMFS increment 489 0.210.62 489 0.200.55 0.79 
Maxillary Facial and Lingual Surfaces 
DMFS 493 6.213.79 493 6.233.85 0.93 
DMFS increment 493 0.330.82 493 0.350.82 0.72 
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Table 21: Comparison of the Mandibular Right and Left Means of DMFT and 
DMFS (Prevalence and Incidence) to Assess the Caries Symmetry on the Population 
Level between the Mandibular Sides. 
Mandibular Arch Right Side Left Side p-value 
n Mean  SE n Mean  SE 
All Mandibular Teeth 
DMFT 495 4.321.42 495 4.341.37 0.84 
DMFT increment 495 0.070.29 495 0.070.31 0.92 
DMFS 495 16.067.11 495 16.087.15 0.95 
DMFS increment 495 0.531.49 495 0.531.41 1.00 
Mandibular Posterior Teeth 
DMFT 471 3.550.69 471 3.580.69 0.45 
DMFT increment 471 0.030.19 471 0.020.13 0.16 
DMFS 471 13.614.46 471 13.684.63 0.83 
DMFS increment 471 0.381.10 471 0.370.91 0.77 
Mandibular Anterior Teeth 
DMFT 489 0.721.03 489 0.710.99 0.83 
DMFT increment 489 0.040.21 489 0.050.28 0.31 
DMFS 489 1.993.66 489 1.943.63 0.86 
DMFS increment 489 0.170.78 489 0.181.09 0.76 
Mandibular Fissured Surfaces 
DMFS 393 4.961.10 393 4.921.18 0.68 
DMFS increment 393 0.070.28 393 0.070.26 1.00 
Mandibular Proximal Surfaces 
DMFS 489 6.703.09 489 6.623.03 0.69 
DMFS increment 489 0.180.63 489 0.190.64 0.76 
Mandibular Facial and Lingual Surfaces 
DMFS 493 3.722.89 493 3.832.90 0.56 
DMFS increment 493 0.250.74 493 0.250.68 0.96 
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Table 22. Comparison of each Quadrant Means DMFT and DMFS (Prevalence and 
Incidence) to Assess the Caries Symmetry on the Population Level between 
Quadrants: 
 
 
Upper Right Upper Left Lower Right Lower Left p-value 
n MeanSE n MeanSE n MeanSE n MeanSE 
All Teeth 
DMFT 495 5.971.38 495 5.961.38 495 4.321.42 495 4.341.37 <0.0001 
DMFT 
increment 
495 0.040.23 495 0.070.33 495 0.070.29 495 0.070.31 0.38 
DMFS 495 22.328.77 495 22.518.80 495 16.067.11 495 16.087.15 <0.0001 
DMFS 
increment 
495 0.671.52 495 0.701.54 495 0.531.49 495 0.531.41 0.15 
Posterior Teeth 
DMFT 471 3.810.59 471 3.800.57 471 3.550.69 471 3.580.69 <0.0001 
DMFT 
increment 
471 0.010.08 471 0.020.16 471 0.030.19 471 0.020.13 0.057 
DMFS 471 14.774.46 471 15.004.49 471 13.614.46 471 13.684.63 <0.0001 
DMFS 
increment 
471 0.441.01 471 0.431.07 471 0.381.10 471 0.370.91 0.66 
Anterior Teeth 
DMFT 489 2.131.09 489 2.131.08 489 0.721.03 489 0.710.99 <0.0001 
DMFT 
increment 
489 0.040.22 489 0.050.25 489 0.040.21 489 0.050.28 0.58 
DMFS 489 7.205.49 489 7.165.41 489 1.993.66 489 1.943.63 <0.0001 
DMFS 
increment 
489 0.260.90 489 0.291.03 489 0.170.78 489 0.181.09 0.12 
Fissured Surfaces 
DMFS 393 4.961.11 393 4.991.13 393 4.961.10 393 4.921.18 0.89 
DMFS 
increment 
393 0.090.30 393 0.110.36 393 0.070.28 393 0.070.26 0.17 
Proximal Surfaces 
DMFS 489 9.623.62 489 9.793.57 489 6.703.09 489 6.623.03 <0.0001 
DMFS 
increment 
489 0.210.62 489 0.200.55 489 0.180.63 489 0.190.64 0.86 
Facial and Lingual Surfaces 
DMFS 493 6.213.79 493 6.233.85 493 3.722.89 493 3.832.90 <0.0001 
DMFS 
increment 
493 0.330.82 493 0.350.82 493 0.250.74 493 0.250.68 0.068 
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Symmetry of Caries Incidence on the individual level: 
Table 23 shows the results of the odds of a bilateral pair of two sound teeth or surfaces at 
baseline becoming both affected by caries at follow or both remaining sound at follow up 
compared to only one tooth or surface in the pair becoming carious at follow up. Caries 
incidence was not bilaterally symmetrical in posterior teeth on the individual level. 
Posterior teeth with bilateral posterior teeth had 1.58 the odds of developing caries 
compared to posterior teeth with bilateral tooth not developing caries (p=0.63). However, 
caries incidence on the individual level showed bilateral symmetry for anterior teeth, 
fissured surfaces, proximal surfaces, and facial and lingual surfaces. For example, the 
odds of developing caries on a fissured surface given the that the bilateral fissured surface 
was also developing caries was 2.15 times the odds of caries compared to teeth with a 
bilateral fissured surface not developing caries (p=0.02). The odds for proximal surfaces 
was 5.325 (95% CI of 3.00 - 9.43) and for facial and lingual surfaces was 4.93 (95% CI 
of 3.30 – 7.35).  
Table 24 shows the odds of a pair of two sound adjacent teeth or surfaces at baseline 
both becoming carious at follow up or both remaining sound at follow up compared to 
the possibility that only one tooth or surface in the adjacent pair becoming affected by 
caries at follow up. The symmetry of caries incidence on the individual level or 
adjacency of caries was also evaluated by testing if caries incidence on a tooth or surfaces 
would affect 
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Table 23: GEE Models Estimating the Odds of bilaterally Sound Bilateral Pair at 
Baseline Becoming Bilaterally Carious at Follow up to Assess the Symmetry of 
Caries Incidence on the Individual Level for Each Group of Teeth and Surfaces. 
 n OR SE 95% CI p-value 
Posterior teeth 433 1.58 1.53 0.24-10.46 0.63 
Anterior teeth 2218 9.58 3.82 4.39-20.81 <0.0001 
Fissured surfaces 1204 2.15 0.72 1.11-4.13 0.02 
Proximal surfaces 8081 5.32 1.55 3.00-9.43 <0.0001 
Facial and lingual surfaces 9437 4.93 1.01 3.30-7.35 <0.0001 
 
the odds of caries incidence on the adjacent tooth or surface. Caries incidence on the 
proximal, facial, and lingual surface were predictive of higher odds of caries incidence on 
the adjacent corresponding surface. Caries incidence on a proximal surface increased the 
odds of caries incidence on the adjacent proximal surface by 3.57 compared to proximal 
surfaces which had no caries incidence on the adjacent proximal surface (95% CI of 277 
– 7.56). Caries incidence on a facial or lingual surface increased the odds of caries 
incidence on the adjacent facial or lingual surface by 1.80 compared to facial or lingual 
surfaces which had zero caries incidence on the adjacent facial or lingual surface (95% CI 
of 277 – 7.56). Caries incidence on anterior teeth and fissured surfaces was not a 
significant predictor of caries incidence on adjacent anterior teeth and adjacent fissured 
surfaces. The prediction model was not able to calculate odds ratios for posterior teeth 
because of the low number of incidence cases compared to the number of pairs.  
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Table 24: GEE Models Estimating the Odds of Sound Adjacent Pairs at Baseline 
Becoming Carious at Follow up to Assess the Adjacency of Caries Incidence on the 
Individual Level for Each Group of Teeth and Surfaces. 
 n OR SE 95% CI p-value 
Anterior Teeth 1180 2.88 2.19 0.65-12.76 0.16 
Fissured Surfaces 1289 1.47 0.71 0.58-3.77 0.42 
Proximal Surfaces 9434 4.57 1.17 2.77-7.56 <0.0001 
Facial and Lingual Surfaces 6585 2.80 0.71 1.70-4.61 <0.0001 
 
Prediction of DMFT and DMFS by the bilateral prevalence: 
Table 25 shows the results of the prediction of future caries by the location of caries at 
baseline that was modeled using generalized estimating equation logistic regression 
models (GEE). A binary distribution and an unstructured working correlation were 
implemented in the GEE models. When the bilateral tooth or surface was used as the 
predictor, the results showed that baseline caries on anterior teeth, fissured surfaces, 
proximal surfaces, and facial and lingual surfaces were significant predictors of caries 
after three years on the bilateral tooth or surfaces. Baseline caries on posterior teeth 
showed a marginal significant prediction of future caries on bilateral posterior teeth. For 
example, caries on a fissured surface at baseline increased the odds of developing caries 
on the bilateral fissured surface after three years by 2.08 and the 95% CI was 1.93 – 5.17. 
The odds for proximal surfaces was 4.83 (95% CI of 3.64 – 6.41) and for facial and 
lingual surfaces was 4.75 (95% CI of 3.73 – 6.04).  
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Table 25: GEE Models Estimating the Odds of Unilaterally Carious Bilateral Pairs 
at Baseline Becoming Bilaterally Carious at Follow up to Assess the Prediction of 
Future Caries by Baseline Prevalence on the Bilateral Side for Each Group of Teeth 
and Surfaces. 
 n OR SE 95% CI p-value 
Posterior Teeth 433 2.67 1.43 0.93-7.65 0.0669 
Anterior Teeth 2218 4.37 1.21 2.51-7.48 <0.0001 
Fissured Surfaces 1204 3.08 0.82 1.93-5.17 <0.0001 
Proximal Surfaces 8081 4.83 0.70 3.64-6.41 <0.0001 
Facial and Lingual Surfaces 9437 4.75 0.58 3.73-6.04 <0.0001 
 
Table 26 shows the results of the prediction of caries on a tooth or a surface by the 
baseline caries status of the adjacent tooth or surface which was also evaluated by similar 
GEE models to the ones used in the bilateral pairs. Baseline caries on posterior teeth and 
fissured surfaces was predictive of future caries on adjacent posterior teeth or fissured 
surfaces. The prediction, however, was significant on anterior teeth, proximal surfaces, 
and facial and lingual surfaces. Caries on an anterior tooth at baseline increased the odds 
of future caries on the adjacent anterior tooth by 5.96 with a 95% CI of 2.89 – 12.36. 
Similarly, the odds for proximal surfaces was 4.85 (95% CI of 3.65 – 6.62) and the odds 
for facial and lingual surfaces was 3.97 (95% CI of 3.03 – 5.19).  
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Table 26: GEE Models to Estimate the Prediction of Future Caries on a Tooth or a 
Surface by Baseline Caries Prevalence on the Adjacent Tooth or Surface for Each 
Group of Teeth and Surfaces. 
 n OR SE 95% CI p-value 
Posterior Teeth 465 1.04 0.42 0.47-2.28 0.93 
Anterior Teeth 1180 5.96 2.22 2.87-12.36 <0.0001 
Fissured Surfaces 1289 1.27 0.32 0.78-2.07 0.34 
Proximal Surfaces 9434 4.85 0.77 3.56-6.62 <0.0001 
Facial and Lingual Surfaces 6585 3.97 0.54 3.03-5.19 <0.0001 
 
Controlling for Confounders in the Relation between Bilateralism and Adjacency: 
Fissured Surfaces: 
Table 27 shows the multivariate GEE model that evauated the association between caries 
on a fissured surface at baseline and caries on the bilateral fissured surface at follow up 
controlling for confounders. Fissured surfaces with a bilateral carious fissured surface at 
baseline had three times the odds of becoming carious at follow-up compared to fissured 
surfaces with bilateral sound fissured surfaces controlling for visiting the dentist for 
prophy in the past year, taking 3 or more medications that reduce salivary flow, the tooth 
has an interproximal restoration, and the tooth has an exposed root surface. None of the 
other covariates was significantly predictive of caries on fissured surfaces.     
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Table 27: Multivariate GEE Models Estimating the Odds of Unilaterally Carious 
Bilateral Pairs of Fissured Surfaces at Baseline Becoming Bilaterally Carious at 
Follow up Controlling for Confounders. 
Odds of Caries incidence 
on Fissured Surfaces 
Categories OR SE 95% CI p-value 
Baseline Carious Status of 
Bilateral Fissured Surface 
Carious 3.01 0.81 1.78 – 5.08 <0.0001 
Sound - - - - 
Prophy Visits in the Past 
Year 
Yes 0.69 0.17 0.42 – 1.11 0.13 
No - - - - 
Medication that Reduce 
Salivary Flow 
3 or more medications 1.15 0.25 0.75 – 1.77 0.52 
Less than 3 mediations - - - - 
The tooth has Interproximal 
Restoration 
Yes 1.10 0.23 -0.35 – 0.76 0.47 
No - - - - 
Exposed Root Surface 
Yes 1.23 0.35 0.70 – 2.13 0.47 
No - - - - 
 
Proximal Surfaces: 
The multivariate model for proximal surfcaes was stratified becasuse of the significant 
interaction between the two predictors of basleine caries on a bilateral proximal surface 
and baseline caries on an adjacent proximal surface. Table 28 shows the results of the 
GEE model that controlled for factors that were expected to confound the relationship 
between caries on a proximal caries at baseline and caries on the bilateral proximal 
surface at follow up. Proximal surfaces with a bilateral surface that is carious at baseline  
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Table 28. Multivariate GEE Models Estimating the Odds of Unilaterally Carious 
Bilateral Pairs of Proximal Surfaces at Baseline Becoming Bilaterally Carious at 
Follow up Controlling for Confounders. 
Odds of Caries incidence 
on Proximal Surfaces 
Categories OR SE 95% CI p-value 
Baseline Carious Status of 
Bilateral Proximal Surface 
Carious 3.70 0.48 2.87 – 4.76 <0.0001 
Sound - - - - 
Prophy Visits in the Past 
Year 
Yes 0.77 0.17 0.50 – 1.19 0.23 
No - - - - 
Medication that Reduce 
Salivary Flow 
3 or more medications 1.20 0.21 0.85 – 1.68 0.298 
Less than 3 mediations - - - - 
Visible Plaque 
Yes 1.88 0.35 1.31 – 2.70 0.0006 
No - - - - 
The Tooth has 1 or More 
Interproximal Restorations 
Yes 1.20 0.19 0.88 – 1.62 0.25 
No - - - - 
The Tooth has an Exposed 
Root Surface 
Yes 0.93 0.13 0.71 – 1.23 0.63 
No - - - - 
The Tooth has an 
Overhanging Restoration 
Yes 0.95 0.39 0.42 – 2.13 0.89 
No - - - - 
 
had the 3.70 the odds of becoming carious at follow-up compared to proximal surfaces 
with sound bilateral surfaces at baseline with a p-value of <0.0001 controlling visiting the 
dentist for prophy in the past year, taking 3 or more medications that reduce salivary 
flow, visible plaque on the tooth, the tooth has an interproximal restoration, the tooth has 
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exposed root surface, and the tooth has an overhanging restoration. A proximal surface of 
a tooth with visible plaque had 1.88 times the odds of becoming carious at follow-up 
compared to proximal surfaces on teeth without visible plaque controlling for all other 
variables in the model with a p-value = 0.0006.   
Table 29 presents the association between carious proximal surfaces at baseline and 
carious adjacent proximal surfaces at follow up controlling for confounders. Proximal 
surfaces with an adjacent carious proximal surface had 4.54 time the odds of becoming 
carious after 3 years of follow-up compared to proximal surfaces with sound adjacent 
proximal surfaces with a p-value=<0.0001 controlling for prophy visits in the past year, 
taking 3 or more medications that reduce salivary flow, visible plaque on the tooth, the 
tooth has an interproximal restoration, the tooth has exposed root surface, and the tooth 
has an overhanging restoration. Visible plaque on the tooth was also a significant 
predictor of future caries on proximal surfaces with an odds ratio of 1.88 and 95% CI 
ranging from 1.21 to 2.91controlling for all other variables in the model. 
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Table 29: Multivariate GEE Models to Control for Confounders in the Predictive 
Relationship of Future Caries on Proximal Surfaces by Baseline Caries Prevalence 
on the Adjacent Proximal Surface. 
Odds of Caries incidence 
on Proximal Surfaces 
Categories OR SE 95% CI p-value 
Baseline Carious Status of 
Adjacent Proximal Surface 
Carious 4.54 0.66 3.42 – 6.04 <0.0001 
Sound - - - - 
Prophy Visits in the Past 
Year 
Yes 0.77 0.17 0.49 – 1.20 0.24 
No - - - - 
Medication that Reduce 
Salivary Flow 
3 or more medications 1.18 0.22 0.83 – 1.69 0.36 
Less than 3 mediations - - - - 
Visible Plaque 
Yes 1.88 0.42 1.21 – 2.91 0.0049 
No - - - - 
The Tooth has 1 or more 
Interproximal Restoration 
Yes 1.04 0.15 0.79 – 1.38 0.76 
No - - - - 
The Tooth has an Exposed 
Root Surface 
Yes 0.92 0.13 0.70 – 1.20 0.53 
No - - - - 
The Tooth has an 
Overhanging Restoration 
Yes 1.57 0.55 0.78 – 3.13 0.20 
No - - - - 
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Facial and Lingual Surfaces: 
A significant interaction was found between baseline caries on a bilateral facial or lingual 
surface and baseline caries on adjacent facial or lingual surface when building the model 
to evaluate the association between baseline and follow up careis on facial and lingual 
surfces. Therefore, the model was stratified by baseeline bilateral and adjacnt caries on 
facial and lingual surfaces. Table 30 shows the results of the model including the 
baseline bilateral caries on facial and lngual surfaces as the main predictor predictor of 
caries on facial and lingual surfaces at follow up controlling for poternial confounders. 
Regarding facial and lingual surfaces, there was 3.92 times the odds of these surfaces 
becoming carious at follow-up given that the bilateral surface was carious at baseline 
compared to facial and lingual surfaces with sound bilateral surfaces with a p-value of 
<0.0001 controlling for prophy visits in the past year, taking 3 or more medications that 
reduce salivary flow, visible plaque on the tooth, the tooth has an interproximal 
restoration, the tooth has exposed root surface, the tooth has an overhanging restoration, 
and the saliva consistency. The presence of interproximal restoration on the tooth was 
also a significant predictor of caries on facial and lingual surfaces as well as a limited or 
ropey saliva consistency compared to the normal consistency of saliva controlling for all 
other variables in the model.   
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Table 30: Multivariate GEE Models Estimating the Odds of Unilaterally Carious 
Bilateral Pairs of Facial and Lingual Surfaces at Baseline Becoming Bilaterally 
Carious at Follow up Controlling for Confounders. 
Odds of Caries incidence 
on Facial and Lingual 
Surfaces 
Categories OR SE 95% CI p-value 
Baseline Carious Status of 
Bilateral Facial or Lingual 
Surface 
Carious 3.92 0.47 3.10 – 4.95 <0.0001 
Sound - - - - 
Prophy Visits in the Past 
Year 
Yes 0.98 0.20 0.66 – 1.48 0.94 
No - - - - 
Medication that Reduce 
Salivary Flow 
3 or more medications 1.10 0.18 0.81 – 1.51 0.54 
Less than 3 mediations - - - - 
Visible Plaque 
Yes 1.31 0.27 0.87 – 1.64 0.19 
No - - - - 
The Tooth has 1 or more 
Interproximal Restorations 
Yes 2.51 0.33 1.94 – 3.25 <0.0001 
No - - - - 
The Tooth has an Exposed 
Root Surface 
Yes 1.08 0.15 0.81 – 1.42 0.62 
No - - - - 
The Tooth has 1 or more 
Overhanging Restorations 
Yes 1.05 0.27 0.63 – 1.4 0.86 
No - - - - 
Saliva Quantity/Quality 
Limited or ropey 2.12 0.63 1.18 – 3.80 0.01 
Normal - - - - 
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Table 31 displays the association between baseline caries on facial and lingual surfaces 
and caries on adjacent facial and lingual surfaces after contolling for potential 
confounders. Facial or lingual surfaces with adjacent carious facial or lingual surfaces 
had 3.30 the odds of becoming carious compared to facial or lingual surfaces with sound 
adjacent facial or lingual surfaces with a p-value <0.0001 controlling for prophy visits in 
the past year, taking 3 or more medications that reduce salivary flow, visible plaque on 
the tooth, the tooth has an interproximal restoration, the tooth has exposed root surface, 
the tooth has an overhanging restoration, and the saliva consistency. Visible plaque on 
teeth and saliva of ropey or limited consistency were also significant predictors of future 
caries on facial and lingual surfaces. 
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Table 31: Multivariate GEE Models to Control for Confounders in the Predictive 
Relationship of Future Caries on Facial and Lingual Surfaces by Baseline Caries 
Prevalence on the Adjacent Facial or Lingual Surface. 
Odds of Caries incidence 
on Facial and Lingual 
Surfaces 
Categories OR SE 95% CI p-value 
Baseline Carious Status of 
Adjacent Facial or Lingual 
Surface 
Carious 3.30 0.42 2.57 – 4.24 <0.0001 
Sound - - - - 
Prophy Visits in the Past 
Year 
Yes 0.93 0.18 0.64 – 1.37 0.73 
No - - - - 
Medication that Reduce 
Salivary Flow 
3 or more medications 1.12 0.17 0.82 – 1.52 0.47 
Less than 3 mediations - - - - 
Visible Plaque 
Yes 1.49 0.33 0.96 – 2.31 0.07 
No - - - - 
The Tooth has 1 or more 
Interproximal Restoration 
Yes 2.51 0.33 1.94 – 3.24 <0.0001 
No - - - - 
The Tooth has an Exposed 
Root Surface 
Yes 0.91 0.14 0.68 – 1.22 0.52 
No - - - - 
The Tooth has 1 or more 
Overhanging Restoration 
Yes 1.01 0.33 0.53 – 1.92 0.98 
No - - - - 
Saliva Quantity/Quality 
Limited or ropey 2.16 0.65 1.20 – 3.88 0.01 
Normal - - - - 
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Validation of the ADA CRA Tool among the Subjects: 
The ADA caries risk assessment tool was used to determine the caries risk of the subjects 
and was compared to the actual caries incidence that was incurred by the subjects to 
calculate the performance characteristic of the ADA CRA tool.  Table 32 shows the 
agreement between the ADA CRA tool and the true caries incidence of the subjects.  
Table 32: Cross Tabulation of the Subjects’ Caries Risk Categorized by the ADA 
CRA Tool vs. Caries Incidence. 
Frequency (%) High risk 
(ADA CRA) 
Moderate risk 
(ADA CRA) 
Low risk 
(ADA CRA) 
Total 
DMFS incidence ≥ 3 
(Subject Level) 
105 (21.21) 53 (10.71) 1 (0.20) 159 (32.12) 
DMFS incidence =1-2 
(Subject Level) 
99 (20.00) 62 (12.53) 2 (0.40) 163 (32.93) 
DMFS incidence =0 
(Subject Level) 
98 (19.80) 70 (14.14) 5 (1.01) 173 (34.95) 
Total 302 (61.01) 185 (37.37) 8 (1.62) 495 (100.00) 
 
Table 33 illustrates that combining the two categories of high and moderate caries risk 
allowed to calculate sensitivity, specificity, and accuracy of the ADA CAR tool in 
determining subjects who had at least one carious surface at follow-up. The ADA CRA 
tool showed an almost perfect sensitivity (99.07%) but very low specificity (2.89%) 
resulting in overall accuracy was 65.45%.   
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Table 33: Performance Characteristics of the ADA CRA Tool Accuracy in Assessing 
the Caries Risk of Subjects. 
Frequency (%) At Risk 
(ADA CRA) 
Low risk 
(ADA CRA) 
Total 
DMFS incidence ≥ 1 
(Subject Level) 
319 (64.44) 3 (0.61) 322 (65.05) 
DMFS incidence =0 
(Subject Level) 
168 (33.94) 5 (1.01) 173 (34.95) 
Total 487 (98.83) 8 (1.62) 495 (100.00) 
 
Building the Risk Assessment Models for Teeth and Surfaces: 
The new models for caries risk assessment for teeth and surfaces were constructed based 
on the significant variables for the GEE models. The subject level variables were used to 
estimate the risk of the subject. Among those with high or moderate risk, tooth and 
surface level variables that were significant in the GEE models were used to predict 
future caries on teeth or surfaces.  
Table 34 exhibits the accuracy of the tool for estimating caries risk on anterior teeth 
including the variables of caries on the bilateral tooth at baseline or caries on the adjacent 
tooth a baseline since these two were the only significant predictors of caries in anterior 
teeth after controlling for confounders. The sensitivity and specificity of the tool were 
70.73% and 66.11% respectively. The accuracy was 66.27%.  
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Table 34: Performance Characteristics of the Accuracy of the Caries Risk 
Assessment for Anterior Teeth. 
Frequency (%) At Risk 
(Anterior Teeth CRA) 
Low Risk 
(Anterior Teeth CRA) 
Total 
DMFS incidence ≥ 1 
(Anterior Tooth) 
58 (2.39) 24 (0.99) 82 (3.38) 
DMFS incidence = 0 
(Anterior Tooth) 
793 (32.74) 1547 (63.87) 2340 (96.11) 
Total 851 (35.13) 1571 (64.86) 2422 (100) 
 
Table 35 demonstrate the validity of the tool for estimating the caries risk on fissured 
surfaces which only included the presence of caries on the bilateral tooth which resulted 
in a sensitivity of 82.86% and specificity of 38.40% and an overall accuracy of 41.59%.  
Table 35: Performance Characteristics of the Accuracy of the Caries Risk 
Assessment for Fissured Surfaces.  
Frequency (%) At Risk 
(Fissured Surfaces CRA) 
Low Risk 
(Fissured Surfaces CRA) 
Total 
DMFS incidence ≥ 1 
(Fissured Surface) 
78 (7.35) 18 (1.52) 105 (8.87) 
DMFS incidence =0 
(Fissured Surface) 
664 (56.13) 414 (35.00) 1078 (91.13) 
Total 751 (63.48) 432 (36.52) 1183 (100) 
 
Table 36 shows the prediction ability of the tool for proximal surfaces including the 
presence of caries on the bilateral tooth at baseline, the presence of caries on the adjacent 
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tooth at baseline, or the presence of visible plaque on the tooth. The resultant sensitivity 
and specificity were 67.33% and 65.96 respectively, and the accuracy was 66.02%.  
Table 36. Performance Characteristics of the Accuracy of the Caries Risk 
Assessment for Proximal Surfaces. 
Frequency (%) 
At Risk 
(Proximal Surfaces CRA) 
Low Risk 
(Proximal Surfaces CRA) 
Total 
DMFS incidence ≥ 1 
(Proximal Surfaces) 
371 (2.57) 180 (1.25) 551 (3.82) 
DMFS incidence =0 
(Proximal Surfaces) 
4720 (32.73) 9148 (63.44) 13868 (96.17) 
Total 5091 (35.30) 9328 (64.69) 14419 (100) 
 
The validation of the last tool that used four variables for caries risk assessment of facial 
and lingual surfaces is displayed in Table 37. These variables were the presence of caries 
on the bilateral surface at baseline, the presence of caries on the adjacent surface at 
baseline, the presence of interproximal restoration on the tooth, or the saliva was of ropey 
or limited consistency. Comparing his tool to the actual incidence of caries on facial and 
lingual surfaces yielded a sensitivity of 85.51%, specificity of 50.68%, and an accuracy 
of 52.23%.      
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Table 37. Performance Characteristics of the Accuracy of the Caries Risk 
Assessment for Facial and Lingual Surfaces. 
Frequency (%) 
At Risk 
(Facial and Lingual 
Surfaces CRA) 
Low risk  
(Facial and Lingual 
Surfaces CRA) 
Total 
DMFS incidence ≥ 1 
(Facial and Lingual 
Surfaces) 
714 (3.83) 121 (0.65) 835 (4.48) 
DMFS incidence =0 
(Facial and Lingual 
Surfaces) 
8789 (47.12) 9030 (48.41) 17819 (95.53) 
Total 9503 (50.95) 9151 (49.06) 18654 (100) 
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Discussion: 
The main aim of the study was to build caries risk assessment models for teeth and 
surfaces. Currently, available caries risk assessment models are designed for individuals. 
However, assessing caries risk for specific teeth or surfaces is going to be of aid to 
dentists when establishing treatment plans for teeth with questionable prognosis. The new 
models for teeth and surfaces were built by combining three concepts about caries. The 
first is the already established and accepted concept which states that the best predictor of 
future caries is past caries (Hausen, 1997; Mejàre et al.., 2014; Powell, 1998). Our study 
showed that the higher the caries incidence in the past 36 months the higher was the 
caries activity between baseline and follow-up. The results also showed that the higher 
DMFS count at baseline, the higher the caries rate. The second is that dental caries is a 
symmetrical disease affecting the right and left sides equally as shown by a number of 
studies (Boffa et al.., 1986; Burnside et al.., 2008; Wyne, 2004) and also a disease that 
tends to aggregate on one side or in other words affects adjacent teeth more than distant 
teeth (Hujoel et al.., 1994). The results of this study showed that caries prevalence and 
incidence on the right side is not different from the left side. It also revealed that dental 
caries on a tooth or surface increased the likelihood of caries on the bilateral tooth or 
surface. The results also showed that dental caries on a tooth or a surface increased the 
odds of future caries on the adjacent tooth or surface. The third is that teeth or surfaces 
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can be grouped into clusters that are at different risks for caries (Batchelor & Sheiham, 
2004; Hannigan et al.., 2000). However, the grouping was of no clinical use because 
there were either too many groups or they were very complicated. For the sake of 
simplicity, the new caries risk assessment models were planned to be built for two groups 
of teeth and three groups of surfaces. Caries risk assessment models for teeth were 
supposed to be built for posterior teeth and anterior teeth. However, the model for 
posterior teeth could not be built because of the low rate of events. Models for surfaces 
were constructed for fissured surfaces, proximal surfaces, and facial and lingual surfaces. 
The models were then augmented by local clinical conditions adopted from the ADA 
CRA tool that was found to be a significant predictor of caries incidence among the study 
subjects (ADA American Dental Association, 2009). For anterior teeth, it was found that 
dental caries on the bilateral or adjacent tooth increases the risk of dental caries on the 
anterior tooth. Dental caries on the bilateral fissured surface increased dental caries risk 
on the fissured surface. Three indicators were found significant in increasing the risk of 
caries on proximal caries. These indicators were dental caries on the bilateral proximal 
surface, caries on the adjacent proximal surface, or the presence of visible plaque on the 
tooth. On the facial and lingual surfaces, it was found that the presence caries on the 
bilateral surface, caries on the adjacent surface, the presence of interproximal restoration 
on the tooth, or xerostomia increased the risk of caries on facial and lingual surfaces.  
The CRA models for each group were then built, and its accuracy was validated by 
calculating the sensitivities and specificities. They were compared to the CRA tool for 
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subjects from the ADA, which yielded a very high sensitivity (99.07%) but a very low 
specificity (2.89%). The new models for teeth and surfaces showed lower sensitivities but 
a considerable improvement in specificities. The CRA tool for anterior teeth showed a 
moderate sensitivity and specificity (70.73% and 66.11% respectively). The model for 
fissured surfaces showed a high sensitivity (82.86%) but a less than acceptable specificity 
(38.40%). The CRA for proximal surfaces showed a somewhat moderate sensitivity and 
specificity (67.33% and 65.96% respectively). The model for facial and lingual surfaces 
demonstrated a moderately high sensitivity (85.51%) but a specificity equal to tossing a 
coin (50.68%). 
Dental caries risk assessment tools are planned to estimate the risk of future caries for 
individual patients, the greatest imperative intention being to establish proper preventive 
procedures. Existing approaches for caries risk assessment consist of a variety of tactics 
in routine practice (Twetman & Fontana, 2009). They may contain indicators of 
demography, socioeconomic status, fluoride exposures, oral hygiene practices, dietary 
habits, oral bacteria, saliva characteristics, and most importantly the prior caries 
experience. These factors are relatively objective and frequently complemented by the 
dentist’s subjective assessment of risk classification. The works on caries risk assessment 
addressed the correctness of single risk factors, combinations of factors or multivariate 
models. However, the projected truthfulness for measuring future caries risk fluctuates 
substantially (Mejàre et al.., 2014). Earlier studies on caries risk assessment reached a 
consensus agreement that when designing an assessment tool, the aim should be to arrive 
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at a reasonable balance between sensitivity and specificity and a combined value of 160% 
(John. Stamm, Disney, Graves, Bohannan, & Abernathy, 1988; Zero, Fontana, & Lennon, 
2001). Combining the values of sensitivity and specificity is useful if identifying subjects 
who will and will not get the disease was of equal importance. The CRA models for 
anterior teeth, and proximal surfaces showed an acceptable balance between sensitivity 
and specificity but the models for fissured surfaces showed a specificity of less than 50% 
and the model for facial and lingual surfaces had a specificity of about 50%. The 
combined values of sensitivity and specificity of the tools in our study ranged between 
121.26% to 136.84% which is below the goal of 160%. However, the specificities were 
much higher from that of the ADA CRA tool. Moreover, a validation of the already 
available CRA tools like Caries-risk Assessment Tool, CAMBRA, and the Cariogram 
showed that none of their combined sensitivity and specificity successfully exceeded the 
goal of 160% except the National University of Singapore Caries Risk Assessment 
(NUS-CRA) (Gao, Wu, Lo, Chu, Hsu & Wong, 2013). Several studies validated the 
Cariogram and the results showed sensitivities ranging between 46% to 83% and 
specificity ranging between 60% to 85% (Campus, Cagetti, Sale, Carta, & Lingström, 
2012; Gao, Hsu, Xu, Hwarng, Loh & Koh, 2010; Holgerson, Twetman, & Stecksèn-
Blicks, 2009; Petersson, Isberg, & Twetman, 2010; Utreja et al.., 2010). 
 
Unexpected results were seen regarding the exposure to fluoride and dietary sugars. The 
results showed that fluoride was associated with an increase in caries incidence while 
dietary sugars were connected to a decrease in caries rate. Considering the mean number 
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of teeth in each of the three caries activity groups may shed light on the reason for the 
surprising results. The groups that showed higher caries activity had a higher mean 
number of teeth at baseline i.e. more teeth that are susceptible to caries. Higher exposures 
to fluorides and lower consumptions of sugary diets may have led to not as much of tooth 
loss among groups with lower exposure to fluoride and higher consumption of sugary 
diets. This fact may have contributed to the higher caries increments among those with 
higher exposures to fluoride and lower consumption of dietary sugars. Fluoride 
mouthwash use was particularly higher among the groups of higher caries activity. Since 
fluoride mouthwash is frequently prescribed for high caries risk patients, this finding was 
not totally surprising. The role of sugar consumption as a risk factor for dental caries had 
been diminishing since the widespread of water fluoridation and fluoride products (Burt 
& Pai, 2001b).    
To our knowledge, this is the first study that built caries risk assessment specifically for 
teeth and surfaces. In contrast to some of the CRA models that were based on evidence 
from cross-sectional studies where regression models determine associations with the 
development of caries, a major strength of the study is that the subjects came from the 
Longitudinal Dental Study, which is a prospective cohort study with a considerably large 
sample size. The study analysis took into account the correlated nature of the data by 
analyzing the data with GEE models. The study resultant caries risk assessment model for 
teeth and surfaces are simple and easy to use in clinical practice. The Cariogram is a 
computer software that requires information about caries experience, related diseases, 
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diet content and frequency, plaque amount, Mutans streptococci, fluoride exposure, 
salivary secretions, buffer capacity and clinical judgment. It also requires a salivary test 
to estimate the bacterial count of Mutans Streptococci and the salivary buffering capacity. 
CAMBRA necessitates sociodemographic, behavioral, and clinical information in 
addition to salivary and microbiological tests to classify the caries risk of the patient. The 
ADA and the AAPD constitute a relatively long checklist of conditions to assess the 
caries risk (Gao, Wu, Lo, Chu, Hsu & Wong,  2013). The teeth and surface risk model 
constructed in this study were designed only to require a clinical oral examination. 
Salivary tests, computer programs or comprehensive checklist of conditions are not 
necessary. Additionally, the CRA tools rely on previous exposure to risk factors. The 
CRA tools for teeth and surfaces from this study depend on current clinical indicators like 
the carious status of the bilateral and adjacent tooth or the plaque accumulation on the 
tooth surface that can be assessed instantly.              
One of the limitations of the study is that all the participants were white men which 
limited the generalizability of our results to other populations and also did not allow to 
explore risk assessment by gender or ethnicity. The validity of the current tools remains 
uncertain among different populations. Moreover, applying these models to younger age 
groups may yield different results (Mejàre et al., 2014). Another limitation is that the 
study subjects were older subjects ranging in age from 48 to 91 years with a mean 
number of decayed, missing, or filled surfaces of 76.97  27.60 surfaces which are about 
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more than half of the total possible number of surfaces which in turn limited the number 
of possible events of new carious lesions and was the main reason that the generalized 
estimating equation models for caries risk assessment tool for posterior teeth showed 
errors and did not provide results. Lastly, the DLS data did not contain information about 
the reason for tooth loss. Although it was assumed that missing teeth that were 
periodontally healthy at the previous cycle were missing due to caries and those missing 
teeth that showed any sign of periodontal disease at the previous cycle were lost due to 
periodontal disease, the accuracy of that assumption could not be evaluated in our study. 
Also, tooth loss due to trauma, although probably low in number, was not recorded in the 
data leading to an underestimation of the M part of the DMFS. Subjects’ participation in 
the DLS may have introduced bias by increasing their awareness of the importance of 
oral health and potentially earlier detection of oral problems. 
The resultant caries risk assessment tools for teeth and surfaces are useful in some 
clinical scenarios. A darkly fissured surface is sometimes tricky to diagnose as carious, 
free of caries, or prone to caries. Secondary caries or a failed restoration on an 
endodontically treated tooth frequently require the expertise of various dental specialists 
(periodontist, endodontists, and prosthodontist) to determine the prognosis of the tooth 
and whether or not further costly periodontic, restorative, and prosthetic treatments are 
going to be worthy. A dark triangle on the proximal surface of a molar seen on a bitewing 
radiograph may mislead the clinician into establishing a diagnosis of caries only to find 
that the surface was caries free after drilling the tooth. The previous three scenarios are a 
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few examples where his/her expertise or opinion mostly drive the dentist's diagnostic 
process. Clinically experienced dentists have shown moderate accuracy (60-70%) in 
assessing patients’ caries risk (Saemundsson, 1996). However, the caries risk assessment 
models for teeth and surfaces will be of great aid to guide the dentist’s decision-making 
process. A dark staining on a fissured surface where the bilateral fissured surface is sound 
may raise the confidence of the dentist to decide on to wait and watch the surface instead 
of sealing it unnecessarily. An endodontically treated tooth needing further treatment 
where the bilateral and adjacent teeth are missing may prompt the dentist to lean toward 
the extraction of the tooth. Applying topical fluoride or a resin infiltration treatment to a 
proximal surface seen as darker than expected where the bilateral and adjacent proximal 
surface were sound may spare the tooth and patient unnecessary drilling and loss of 
sound precious tooth structure.   
The ultimate goal of the current study is for caries risk assessment tools of teeth and 
surfaces to be utilized in clinical situations. For that goal to be reached, the tools have to 
be applied to and validated among populations with variations in age, gender, and 
ethnicities. The tools may prove not valid among certain populations or have to be 
modified by including or removing different sets of predictors. Then, the tools have to be 
discussed by experts in the field of caries risk assessment to agree on a consensus on the 
final form of the tools. Further validation of approved tool may be deemed necessary 
before introducing it for clinical use.  
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The CAMBRA and the caries risk assessment tools from the ADA and the AAPD are 
considered reasoning-based since they were synthesized by listing risk factors to 
qualitatively estimate the caries risk of the subjects. The Cariogram and the NUS-CRA 
are different in that they quantitatively determine the caries risk based on algorithmic 
calculations (Gao, Di Wu, Lo, Chu, Hsu & Wong, 2013). Algorithm-based risk 
assessment tools showed superior accuracy compared to reasoning-based. The 
Framingham risk equation to assess the risk of cardiovascular disease is a remarkable 
example of an algorithm based risk assessment tool (Dent, 2010). The teeth and surfaces 
caries risk assessment tools developed by this study could be taken a step further if 
further research renovated the tools to become algorithm based.    
The complexity, high cost, and need for special tests by the available CRA models 
challenge its use in public health research. The simplicity, low cost, and ease of use mean 
that using teeth and surfaces caries risk assessment tools are appropriate for use in 
research studies and public health programs.   
 136 
 
 
Conclusion: 
The findings of this study represent a starting point to construct caries risk assessment 
models to predict the location of caries on teeth and surfaces. Dental caries prevalence is 
a symmetrical on the right and the left side. Caries incidence is more likely to take place 
bilaterally on anterior teeth, proximal surfaces, and facial and lingual surfaces. Caries 
incidence also aggregates on adjacent proximal and facial ad lingual surfaces. Baseline 
caries on anterior teeth, fissured surfaces, proximal surfaces, or facial and lingual 
surfaces increases the likelihood of new caries on the bilateral tooth or surface. Baseline 
caries on anterior teeth, proximal surfaces, and facial and lingual surfaces increases the 
likelihood of new caries on the adjacent surface. New caries on fissured surfaces can be 
predicted by previous caries on the bilateral fissured surface. New caries on proximal 
surfaces is predicted by baseline caries on the bilateral proximal surface, baseline caries 
on the adjacent proximal surface, and the presence of visible plaque on the tooth. New 
caries on facial and lingual surfaces is predicted by caries on the bilateral surface, 
adjacent surface, or the presence of interproximal restoration. The accuracy of caries risk 
assessment models varied between 66.27% for anterior teeth to 41.59% for fissured 
surfaces. The accuracy of the model for proximal surfaces was 66.02% and for the model 
for facial and lingual surfaces was 52.23%. Dentists can use these models as a useful tool 
in clinical practice and in research studies to predict the location of future caries.    
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